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ABSTRACT 


Basic  data  from  95  gravel  and  sand-bed  river  reaches  in  Alberta, 
Canada,  are  utilized  in  a  generalized  regime  type  analysis.  Five  to 
ten  cross-sections  are  used  to  compute  average  channel  properties  for 
each  reach.  The  majority  of  the  slopes  are  average  field  slopes  based 
on  a  reach  length  of  from  10  to  40  channel  widths.  Reaches  are  only 
accepted  for  analysis  if  the  hydrometric  record  is  at  least  five  years 
in  length.  All  bed  material  data  for  the  gravel  reaches  are  based  on 
a  grid-by-number  analysis.  The  major  part  of  the  analysis  is  for  the 
71  gravel -bed  reaches. 

After  considering  several  definitions  of  a  dominant  discharge, 
the  2  year  flood  (log-normal  distribution)  is  accepted  as  the 
hydrological ly  defined  dominant  discharge.  The  discharge  corresponding 
to  the  elevation  of  the  valley  flat  is  accepted  as  the  dominant 
discharge  defined  by  a  geomorphic  feature. 

The  equations  of  Lacey,  Blench,  Henderson  and  Kellerhals  are  tested 
for  the  gravel  river  reaches  for  the  two  dominant  discharges. 

Best  fit  exponential  expressions  are  developed  to  predict  the  width, 
area,  depth,  form  factor,  mean  velocity,  slope  and  Manning  "n".  From 
one  to  three  parameters  are  introduced  as  independent  variables  in  each 
case.  The  area-di scharge  and  width-discharge  relations  are  found  to 
be  well  defined,  whereas  the  slope-discharge  relation  is  highly  variable. 
The  implication  is  that  channels  essentially  are  capable  of  maintaining 
an  orderly  cross-sectional  adjustment  regardless  of  the  state  of  the 


slope  adjustment.  When  a  characteristic  bed  material  size  is 
introduced  as  an  independent  variable  the  results  based  on  the 
median  size  (DG50)  are  as  good  as  those  for  the  DG90  size. 

The  detailed  goemorphic  description  of  the  reaches 
are  used  to  stratify  the  data  in  an  attempt  to  obtain  better  results 
for  the  slope-discharge  relations. 

Dimensionless  ratios  or  numerics  are  developed  for  the 
case  of  a  river  flowing  in  deep  alluvium.  Dimensionless  expressions 
of  an  exponential  form  are  evaluated  and  compared  with  similar 
expressions  obtained  from  the  best  fit  relations  for  the  gravel 
reaches.  The  field  data  are  compared  with  the  dimensionless  plots 
from  the  Cooper  analysis  of  world  flume  data. 

Eight  sets  of  regime  equations  for  mean  width,  mean 
depth,  mean  velocity,  and  slope  in  terms  of  discharge  and  median 
bed  material  size  are  developed  by  considering  different  sets  of 
three  independent  equations  based  on  the  data  for  the  gravel  river 
reaches.  The  width,  depth,  velocity,  and  slope  estimated  from  the 
basic  form  of  the  Lacey  equations,  the  Kellerhals  equations,  or 
a  dimensionless  set  of  equations  not  involving  a  viscosity  term  agree 
quite  favourably  with  the  estimates  made  by  using  the  best  fit  equations. 
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"One  knows  that  until  now  our  understanding  of  hydraulics  has 
been  extremely  limited;  for  however  many  great  geniuses  have 
applied  themselves  to  it  at  different  times,  we  are  still,  after 
so  many  centuries,  in  almost  absolute  ignorance  of  the  true  laws 
to  which  the  movement  of  water  is  subject;  after  one  hundred 
fifty  years  one  has  barely  discovered,  with  the  aid  of  experiment, 
the  duration,  the  quantity,  and  the  velocity  of  the  flow  of  water 
from  a  given  orifice.  All  that  concerns  the  uniform  course  of  the 
waters  of  the  surface  of  the  earth  is  unknown  to  us;  and  to  obtain 
an  idea  of  how  little  we  do  know,  it  will  suffice  to  cast  a  glance 
over  what  we  do  not. 

"To  estimate  the  velocity  of  a  river  of  which  one  knows  the  width, 
the  depth,  and  the  slope;  to  determine  to  what  height  it  will  rise 
if  it  receives  another  river  in  its  bed;  to  predict  how  much  it 
will  fall  if  one  diverts  water  from  it;  to  establish  the  proper 
slope  of  an  aqueduct  to  maintain  a  given  velocity,  or  the  proper 
capacity  of  the  bed  to  deliver  to  a  city  at  a  given  slope  the 
quantity  of  water  which  will  satisfy  its  needs;  to  lay  out  the 
contours  of  a  river  in  such  a  manner  that  it  will  not  work  to 
change  the  bed  in  which  one  has  confined  it;  ....  All  these  questions, 
and  infinitely  many  others  of  the  same  sort,  are  still  unsol vable: 
who  would  believe  it?  ..." 


Du  Buat,  1786  [from  Rouse  and  Ince  (1957)] 
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INTRODUCTION 


1 . 1  The  Problem 

Rivers  are  not  rigid  boundary  open  channels,  but  must  be 
considered  to  be  mobile  bed  channels  which  have  become  adjusted,  or 
are  becoming  adjusted  to  an  imposed  discharge  spectrum  of  the  water- 
sediment  complex. 

A  channel  which  has  attained  a  state  of  relative  stability  or 
equilibrium  over  a  period  of  years  is  defined  as  a  regime  channel  or 
a  channel  which  is  in  regime. 

The  regime  geometry  is  defined  by  the  average  width,  depth, 
and  slope  for  a  stable  reach  which  results  from  some  characteristic 
flow  of  the  water-sediment  complex. 

The  main  purpose  of  this  investigation  is  to  develop  equations 
to  predict  the  regime  geometry  of  a  channel  based  on  data  from  relatively 
stable  Alberta  river  reaches. 

1 . 2  General  Method  of  Analysis 

There  are  two  possible  approaches  to  the  problem  which  may  be 
used:  a  deductive  approach  and  an  inductive  approach.  The  deductive 
approach  is  based  on  a  physical  or  conceptual  model  which  attempts  to 
explain  the  phenomenon  under  investigation.  The  results  are  then 
applied  to  all  cases  for  the  general  class  of  problems  encompassed  by 
the  model.  The  inductive  approach  is  based  on  measurements  of  natural 
channels,  canals,  or  models  which  are  stable  or  in  regime.  The  data 
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are  classified  and  analysed  to  obtain  generalized  relations  from  which 
specific  evaluations  are  made.  Since  the  phenomenon  under  investi¬ 
gation  is  very  complex  and  difficult  to  define  in  detail,  the 
inductive  approach  has  been  used  to  obtain  regime  type  equations  from 
stable  river  reaches.  The  analysis  is  based  on  average  reach 
measurements  in  conjunction  with  broad  geomorphic  and  geographic 
classifications  and  with  general  hydrologic  parameters. 

1 . 3  Systematic  Collection  of  River  Data 

In  1961  the  Water  Resources  Division,  Alberta  Department  of  the 
Environment,  started  to  survey  selected  reaches  of  gravel  rivers  in 
Western  Alberta.  In  1966  the  Highway  and  River  Engineering  Division 
of  the  Research  Council  of  Alberta  extended  the  program  to  cover 
approximately  100  reaches  containing  hydrometric  gauging  stations 
distributed  throughout  the  province.  The  data  used  in  this  investigation 
were  derived  mainly  from  these  long-term  collection  programs. 

The  writer  has  built  on  the  work  of  these  organizations  to 
devise  a  standard  data  collection  format  for  field  parties  and  a 
standard  office  procedure  for  reducing  the  field  data  for  analysis. 

Special  emphasis  was  placed  on  utilizing  high  quality  data  with 
regard  to  the  hydrology,  the  cross-sections,  the  slope,  the  bed  material 
properties  and  the  geomorphology  for  each  river  reach.  Some  of  the 
basic  data  were  coded  to  provide  a  means  of  evaluating  the  relative 
quality  of  the  data. 

1 .4  Scope  of  the  Analysis 

One  of  the  main  purposes  of  this  study  is  to  provide  the  basic 
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data  for  testing  the  established  theories  available  to  predict  the 
regime  geometry  of  a  river.  The  data  also  provides  the  basis  for 
suggesting  alternative  regime  type  equations.  An  important  aspect 
of  this  investigation  is  the  classification  of  the  rivers  according 
to  readily  available  geomorphic  and  geographic  criteria  in  order  to 
stratify  the  data  for  the  analyses. 

No  attempt  was  made  to  predict  changes  in  channel  plan;  that 
is,  the  meander  pattern  resulting  from  a  change  in  the  flow  of  the 
water-sediment  complex. 

Essentially  no  data  were  available  concerning  the  sediment 
transport  in  the  channel;  consequently,  no  detailed  evaluation  of 
the  effect  of  charge  (concentration  of  bed  material)  has  been 
incorporated  into  the  analysis. 

The  data  were  used  to  test  the  regime  equations  of  Lacey 
(1929,  1933),  Blench  (1941,  1969a)  and  Kellerhals  (1967)  and  the 
equations  proposed  by  Henderson  (1961). 

Relations  between  width,  area,  depth,  form  factor,  velocity, 
slope  and  Manning  "n"  were  established  for  various  characteristic 
discharges  and  bed  material  sizes.  Finally,  various  dimensionless 
equations  were  established  between  the  variables  for  which  data  were 
available. 

Most  of  the  work  related  to  natural  channels  or  canals  has  been 
for  the  general  class  of  sand-bed  channels.  This  investigation 
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considers  some  sand-bed  channels,  but  the  majority  of  the  reaches 
considered  for  the  analysis  are  located  on  gravel  rivers.  Special 
emphasis  was  placed  on  organizing  the  bed  material  data  in  a 
uniform  manner. 

Some  specific  topics  which  have  been  considered  in  conjunction 
with  the  development  of  generalized  "regime  type"  equations  for  Alberta 
rivers  are  those  related  to: 

1.  A  consistent  criterion  for  dominant  discharge. 

2.  The  effect  of  the  definition  a  characteristic  bed  material  size 
on  regime  geometry. 

3.  The  effect  of  different  channel  environments  on  the  regime 
geometry. 

Some  of  the  practical  uses  of  the  results  of  this  investigation 
could  be: 

1.  To  predict  the  type  of  adjustments  that  might  be  expected  in 
a  river  as  a  result  of  major  engineering  works. 

2.  To  obtain  a  general  understanding  of  the  relevant  factors 
controlling  the  regime  geometry  of  a  river. 

1 . 5  The  Organization  of  this  Report 

This  report  is  organized  so  that  a  brief  survey  of  the  literature 
related  to  the  topic  of  river  regime  is  presented  in  the  next  chapter. 
CHAPTER  3  presents  a  detailed  description  of  the  systematic  collection 
and  coding  of  the  data  for  the  river  reaches.  CHAPTER  4  outlines  the 
method  of  analysis  and  CHAPTER  5  presents  the  results  of  the  analysis. 
The  final  chapter  summarizes  these  results  and  states  the  conclusions 
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The  technical  details  of  procedure,  the  tables  of  basic  data, 
the  computer  programs,  the  detailed  examples,  etc.,  are  relegated  to 
appendi ces . 


CHAPTER  2 


SURVEY  OF  LITERATURE 


2.1  General 

This  chapter  reviews  selected  basic  works  related  to  different 
aspects  of  river  behavior.  The  work  of  some  investigators  will  be 
considered  in  greater  detail  in  CHAPTER  5. 

Leliavsky  (1955)  summarized  much  of  the  early  work  related 
to  fluvial  hydraulics.  He  considered  that  there  were  two  basic  approaches 
to  the  problem  --  one  based  on  physical  reasoning,  and  the  other  based 
on  field  observations.  A  third  approach  could  also  be  considered, 
since  the  results  obtained  from  flume  experiments  and  mobile-bed 
models  have  been  used  to  study  certain  problems  related  to  river  behavior. 

Fluvial  geomorphology  provides  a  common  meeting  place  for  the 
engineer  and  the  geomorphologist.  Only  recently  has  the  hydraulic 
engineer  recognized  the  contributions  of  the  geomorphologist  and  the 
geologist.  Lane  (1955a)  helped  to  introduce  the  concepts  of  fluvial 
geomorphology  to  river  engineers  in  North  America  by  illustrating  some 
simple  trend  type  predictions. 

A  historical  development  and  a  summary  of  much  of  the  current 
knowledge  related  to  the  understanding  of  rivers  were  given  by  Leopold, 
Wolman,  and  Miller  (1964)  and  Morisawa  (1968).  Raudkivi  (1968)  and 
Graf  (1971)  presented  some  background  related  to  loose  boundary 
hydraulics.  Frenette  and  Harvey  (1968)  have  compiled  a  comprehensive 
bibliography  pertaining  to  the  various  aspects  of  river  engineering. 
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This  survey  of  literature  associated  with  the  topic  of  the 
channel  or  regime  geometry  of  rivers  is  outlined  under  the  following 
headi  ngs : 

1 .  Concept  of  grade 

2.  Dominant  discharge 

3.  Approaches  to  the  study  of  channel  geometry 

4.  Geologic  and  geomorphic  constraints  on  channel  geometry 

5.  Systematic  evaluation  of  river  regime 

An  effort  has  been  made  to  select  the  more  important  references  rather 
than  to  present  an  exhaustive  survey  of  each  topic.  No  review  will  be 
given  for  the  vast  amount  of  literature  pertaining  to  the  related 
fields  of  flow  in  rigid  boundary  channels,  sediment  transport,  etc. 


2.2  Concept  of  Grade 

Davis  (1902)  employed  the  term  "grade"  for  the  balanced  condition 
or  state  of  equilibrium  of  a  mature  or  old  river.  In  this  case  the 
mature  river  is  characterized  by  a  relatively  smooth  longitudinal 
profile  with  the  absence  of  rapids  or  falls.  In  the  early  1940's  the 
concept  of  grade  was  challenged  by  Kesseli  (1941).  Mackin  (1948) 
closed  the  argument  for  some  years  with  the  following  definition  of 
grade : 

"A  graded  stream  is  one  in  which,  over  a  period  of  years,  slope 
is  delicately  adjusted  to  provide,  with  available  discharge  and 
with  prevailing  channel  characteristics,  just  the  velocity 
required  for  the  transportation  of  the  load  supplied  from  the 
drainage  basin.  The  graded  stream  is  a  system  in  equilibrium; 
its  diagnostic  characteri sti c  is  that  any  change  in  any  of  the 
controlling  factors  will  cause  a  displacement  of  the  equilibrium 
in  a  direction  that  will  tend  to  absorb  the  effect  of  the  change." 


He  recognized  that  grade  was  not  as  static  as  some  of  the  earlier 


proponents  considered  it  to  be.  His  emphasis  was  placed  on  slope 
adjustment. 
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Rubey  (1952)  was  of  the  opinion  that  the  adjustment  of  a  channel 

may  either  be  in  slope  or  cross-section.  He  stated: 

"It  is  not  improbable  that  the  precise  form  taken  by  the  adjustment 
(of  the  river  reach)  is  governed  by  something  like  the  principle 
of  least  work  and  depends  upon  whether  equilibrium  can  most  readily 
be  maintained  by  a  change  of  slope  or  a  change  of  cross-section. 

"...  if  the  slope  of  a  stream  were  determined  inflexibly  by  the 
discharge  and  load,  streams  would  be  unable  to  adjust  themselves 
as  closely  as  they  do  to  structural  slopes  and  to  earlier  land 
surfaces.  Without  some  such  a  means  of  adjustment  to  pre-existent 
slopes  -  if  a  certain  discharge  and  load  necessarily  meant  a 
certain  stream  profile  -  it  seems  that  the  flat  slopes  that  would 
be  required  for  some  streams  would  make  gorges  and  canyons  far  more 
numerous  than  they  actually  are  in  many  regions,  and,  conversely, 
that  many  rivers  would  be  compelled  to  build  steep  slopes  that 
would  raise  their  banks  high  above  the  intermediate  lowlands  which 
they  traverse. 

"Even  if  these  imposed  conditions  (discharge,  load,  grain  size, 
and  degree  of  sorting)  are  precisely  the  same  for  two  streams,  it 
does  not  necessarily  follow  that  their  graded  slopes  must  be  equal." 

A  further  development  of  interest  is  the  concept  of  "quasi¬ 
equilibrium"  presented  by  Leopold  and  Miller  (1956).  They  stated: 

"If  a  particular  valley  had  been  carved  during  the  Pleistocene  by 
a  relatively  large  river,  and  through  a  change  in  climate  and  other 
physiographic  factors  the  valley  at  present  carries  only  a  minor 
streamlet,  it  is  likely  that  the  small  stream  would  not  be  able  to 
recarve  the  valley  bed  to  such  an  extent  that  the  valley  slope  is 
materially  altered.  In  such  a  circumstance  the  minor  stream, 
initially  at  least,  would  have  to  accommodate  itself  to  the  slope 
of  the  valley  in  which  it  flows. 

"...  nearly  all  rivers  approach  a  condition  of  quasi -equi 1 i bri urn 
which  was  formerly  attributed  only  to  a  graded  stream. 

"...  if  the  degrees  of  freedom  of  the  hydraulic  parameters  are 
reduced,  the  remaining  factors  tend  toward  a  mutual  accommodation 
or  quasi -equi 1 i bri urn. " 

Chorley  (1962)  considered  the  possibility  of  short  term  adjustment 
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by  viewing  the  fluvial  process  to  be  an  open  system.  He  stated: 

"Besides  adjusting  the  general  slope  of  its  channel  by  erosion 
and  deposition,  a  stream  can  very  effectively  and  almost 
instantaneously  control  its  transverse  channel  characteristics, 
together  with  its  efficiency  for  the  transport  of  water  and  load, 
by  changes  in  depth  and  width  of  the  channel....  It  may  be  that 
a  stream  or  reach  may  be  virtually  always  adjusted,  in  the  sense 
of  being  graded  or  in  a  steady  state,  without  necessarily 
presenting  the  smooth  longitudinal  profile  considered  by  the 
advocates  of  the  geomorphic  cycle  as  the  hallmark  of  the  'mature 
graded  condition'." 


The  last  sentence  in  the  quote  by  Chorley  adequately  summarizes 
the  change  in  the  concept  of  grade  which  has  taken  place  over  the 
1  ast  70  or  80  years . 


2.3  Dominant  Discharge 

In  the  case  of  a  canal,  the  discharge  may  be  maintained  at 
a  relatively  constant  value  and  the  channel  will  become  adjusted  to 
this  sustained  discharge.  A  natural  channel  on  the  other  hand  is 
subjected  to  a  whole  spectrum  of  discharges.  Several  attempts  have 
been  made  to  define  a  dominant  discharge  for  such  cases. 


Inglis  (1941)  states  that: 

"Dominant  discharge  is  the  discharge  which  controls  the  meander 
length  and  breadth.  It  appears  to  be  slightly  in  excess  of 
bankful  1  stage." 

Later  Inglis  (1949)  used  the  term  dominant  discharge  as  the  discharge 
at  which  equilibrium  is  most  nearly  approached.  He  stated  that  the 
dominant  discharge: 

"...  may  be  looked  on  as  the  integrated  effect  of  all  varying 
conditions  over  a  long  period  of  time.  At  this  discharge  with 
its  associated  dominant  charge,  slope  and  water  temperature, 
the  channel  may  be  looked  on  as  possessing  a  year  to  year 
stabi 1 i ty. " 
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Leopold  and  Maddock  (1953)  found  that  the  mean  annual  discharge 
could  be  used  as  a  representati ve  or  characteristic  discharge  when 
determining  the  width-discharge,  depth-discharge,  and  velocity- 
discharge  relations.  FIGURE  2.1  illustrates  that  the  functional  forms 
of  these  relations  when  using  discharges  exceeded  1,  10,  30  or  50 
percent  of  the  time  were  very  similar  to  those  obtained  by  using  the 
mean  annual  discharge;  however,  the  coefficients  differed.  Leopold 
and  Maddock  do  not  imply  that  the  mean  annual  discharge  can  be 
considered  a  dominant  or  formative  discharge. 

Nixon  (1959)  used  bankfull  discharge  as  the  dominant  discharge 
in  an  analysis  of  29  British  rivers.  He  found  that  for  these  rivers 
the  bankfull  discharge  on  the  average  corresponded  to  the  discharge 
that  was  exceeded  0.6  percent  of  the  time;  however,  the  scatter  was 
appreci abl e. 

Dury  (1961)  showed  that  the  bankfull  discharge  along  two 
relatively  large  American  rivers  could  not  be  defined  by  a  discharge 
that  was  exceeded  by  a  constant  percent  of  the  time.  As  the  drainage 
area  increased  the  bankfull  discharge  was  exceeded  an  increasingly 
larger  percent  of  the  time. 

Leopold,  Wolman  and  Miller  (1964)  stated  that: 

"...  the  most  meaningful  discharge  for  any  discussion  of  channel 
morphology  is  that  which  forms  or  maintains  the  channel. 

_  this  is  a  complex  relationship  but  that  the  effective 

discharge  can  often  be  approximated  by  bankfull  discharge.  In 
many  rivers  the  bankfull  discharge  is  the  one  that  has  a  recurrence 
interval  of  about  1.5  years." 


Harvey  (1969)  studied  three  relatively  small  streams  in  Southern 
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England  and  suggested  that: 

"...  flood  regime  stream  segments  appear  to  exhibit  adjustment  to 
the  1  to  2  year  flood  but  with  less  frequent  flooding  downstream. 
Baseflow  streams  appear  to  be  adjusted  to  rarer  floods." 

Several  definitions  of  dominant  discharge  have  been  made  which 
consider  the  transport  of  sediment  rather  than  a  characteristic 
discharge.  These  definitions  have  been  primarily  confined  to  sand- 
bed  channels. 


Prins  (1969)  outlined  several  methods  of  estimating  dominant 
discharge  by  considering  the  flow  duration  data  in  conjunction  with 
bed-load  transport.  FIGURE  2.2  illustrates  the  distribution  of 
bed-load  transport  with  stage  when  considered  over  a  period  of  time, 
for  example,  a  year  or  two. 


Prins  considers  that  the  dominant  stage  (or  discharge)  may  be 
defined  in  any  of  the  following  four  ways: 

1.  The  stage  correspond!' ng  to  the  center  of  gravity  of  the  bed¬ 
load  distribution  curve,  or 

2.  The  stage  corresponding  to  the  median  value  of  the  bed-load 
distribution  curve;  that  is,  the  stage  above  which  half  and 
below  which  half  of  the  total  bed-load  is  transported,  or 

3.  The  stage  corresponding  to  the  peak  value  of  the  bed-load 
distribution  curve,  or 

4.  The  stage  that  would  produce  the  same  amount  of  bed-load 
transport  during  a  year  under  steady  conditions;  that  is,  the 
stage  which  if  occurring  for  a  year,  would  produce  an  equal 
area  under  the  bed-load  distribution  curve. 


Marlette  and  Walker  (1968)  essentially  accepted  the  second 


definition  given  above  to  compute  a  dominant  discharge  at  the 


13 


i 

o 

I  LU 

Qtaz 
LU  O 
CO  _ I  cc 

c  u. 

2D  I— ' — I 
LU  O 
LU  | —  LU 
3  CD 
1—  U_  <C 
LU  O  I— 

co  tn 
zox 

O' — I  I — 


<C  CO 
_l  t— i  LU 

lu  oc  s: 

CC  I —  I — I 

oo  I — 

*>  t— I 

LU  O  U_ 

s:  o 

I— <  Q 
I —  Z  Q 

<c  o 

=n  »— i 

(_  «  QC 

i — i  LU  LU 
3  CD  CL 

C 

DH< 
CD  OO 
<£  cc 

I —  CO  LU 
W  Z  > 
<  O 
Ll_ 

O  I —  I — 
CC  CC 

zoo 

O  Cl  CL 

i— i  (/)  (/) 

h-  z  z 
=>  <  <C 
co  cc  a 
• — <i—i — 

QC 

l—OO 

w<< 
■— «  o  o 

O  _J  _J 


C\J 

CXI 


cc 

o 

CD 


PRINS  (1969)] 


14 

PI atte-Mi ssouri  confluence.  They  employed  the  Frijlink  (1952) 
bed-load  transport  equation  in  the  analysis. 

The  fourth  definition  of  a  dominant  discharge  was  used  by  Blench 
(1957)  when  he  stated: 

"Algebraically,  it  is  always  possible,  to  select  some  discharge 
less  than  maximum,  in  a  fluctuating  canal,  associate  it  with  a 
bed  factor  less  than  maximum,  and  insert  them  in  the  regime  slope 
formulas  to  derive  a  bedload  charge,  that  multiplied  by  the 
discharge,  gives  the  average  load  of  any  long  period." 

Benson  and  Thomas  (1966)  defined  a  dominant  discharge  as  the 
discharge  at  which  the  maximum  suspended  sediment  is  transported. 

They  used  measured  suspended  sediment  at  gauging  stations  rather 
than  computed  bed-load  for  their  analysis.  FIGURE  2.3  shows  plots  of 
suspended  sediment  load  versus  discharge  for  five  gauging  stations 
in  the  Eastern  United  States  and  for  four  in  the  Western  United  States. 
The  flow  duration  corresponding  to  the  peak  transport  of  suspended 
sediment  was  approximately  12  percent,  although  the  peak  was  often 
ill-defined.  Using  this  criterion  Benson  and  Thomas  concluded  that 
the  dominant  discharge  was  much  less  than  bankfull  for  many  rivers. 

In  summary,  there  is  no  generally  accepted  definition  of  a 
dominant  discharge.  Most  investigators  do,  however,  associate  the 
dominant  or  formative  discharge  with  one  which  is  capable  of  moving 
bed  material  through  the  channel. 

2.4  Approaches  to  Study  of  Channel  Geometry 

Several  distinct  approaches  have  been  used  by  geologists, 
geomorphologists  and  engineers  to  estimate  width,  depth  and  slope  in 
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SUSPENDED  SEDIMENT,  IN  THOUSANDS  OF  TONS 
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FIGURE  2.3  VARIATION  OF  SUSPENDED-SEDIMENT  WITH  DISCHARGE  FOR  FIVE 
RIVERS  IN  EASTERN  UNITED  STATES  AND  FOUR  RIVERS  IN 
WESTERN  UNITED  STATES  [AFTER  BENSON  AND  THOMAS  (1966)] 
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natural  and  artificial  channels. 

This  section  will  briefly  mention  the  various  contributors. 

TABLE  2.1  summarizes  the  main  equations  or  form  of  equations  presented 
by  these  investigators.  The  symbols  in  TABLE  2.1  are  not  necessarily 
those  originally  given,  since  all  relations  are  presented  on  a 
uniform  basis. 

One  of  the  earliest  contributions  resulted  from  measurements  on 

a  canal  system  in  the  Indo-Gangetic  Plain.  Kennedy  (1895)  used  this 

data  to  present  a  simple  exponential  relation  between  velocity  and 

depth  for  stable  canals.  Lindley  (1919)  who  was  also  working  on  the 

Indian  canals  made  a  statement  which  served  as  the  basis  of  the 

thinking  of  the  "regime"  school  by  stating  that: 

"When  an  artificial  channel  is  used  to  convey  silty  water,  both 
bed  and  banks  scour  or  fill,  changing  depth,  gradient  and  width 
until  a  state  of  balance  is  attained  at  which  the  channel  is  said 
to  be  in  regime.  The  regime  dimensions  depend  on  discharge, 
quantity  and  nature  of  bed  and  berm  silt,  and  rugosity  of  the 
silted  section;  rugosity  is  also  affected  by  velocity,  which 
determines  the  size  of  wavelets  into  which  the  silted  bed  is 
thrown. " 

This  statement  became  the  basis  for  obtaining  three  independent 
equations  to  satisfy  the  three  degrees  of  freedom  required  for 
equi  1  ibri  urn. 

Lacey  (1929,  1933)  used  Indian  data  from  stable  sand-bed  canals 
and  some  rivers  in  deep  alluvium  to  develop  equations  relating 
wetted  perimeter,  hydraulic  radius,  and  slope  to  discharge  and  a 
"silt  factor"  (a  function  of  the  bed  material  size). 


REGIME  TYPE  EQUATIONS  AND  OTHER  EQUATIONS  RELATED  TO  THE  HYDRAULIC  GEOMETRY  OF  RIVER  REACHES 
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TABLE  2.1  (cont'd.) 
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TABLE  2.1  (cont'd.) 
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Definition  of  symbols  for  applicable  discharge,  Q;  FS  =  full  supply  discharge  for  canals; 

DD  =  dominant  discharge;  MAD  -  mean  annual  discharge  (long-term  mean  discharge  based  on  full 
year  record);  BF  =  bankfull  discharge;  MAD  =  mean  annual  flood;  RD  =  representative  discharge. 
The  DG90  of  Kellerhals,  and  the  DG75  of  Henderson  are  the  sizes  based  on  a  surface  sampling 
procedure  for  the  paved  gravel  bed. 
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Blench  (1941)  built  on  the  work  of  Lacey  by  introducing  the 
terms  "bed  factor"  and  "side  factor"  to  separate  the  influence 
because  of  the  non-cohesive  duned  beds  and  the  cohesive  unduned  banks 
encountered  in  some  sand-bed  channels.  He  also  used  width  and  depth 
rather  than  wetted  perimeter  and  hydraulic  radius  in  his  relations. 

King  (1943)  proposed  a  slope  equation  of  a  different  form  than  that 
given  by  Lacey,  since  it  allowed  for  the  effect  of  breadth  and  depth 
expl i ci tly. 

Blench  and  Erb  (1957)  introduced  charge  (essentially  concentration 
of  bed  material  in  transport)  into  the  Lacey  equation  for  predicting 
depth  and  into  the  King  equation  for  predicting  the  slope  of  a  uniform 
straight  duned  sand-bed  channel. 

Blench  and  Qureshi  (1964)  employed  this  modified  slope  relation 
to  devise  a  classification  chart  for  duned  sand-bed 
rivers  or  rivers  of  the  same  general  type,  assuming  that  a  dominant 
discharge  could  be  adequately  assessed.  FIGURE  2.4  shows  the  type  of 
relation  obtained  from  the  analysis  of  26  river  reaches.  If  the 
channel  under  investigation  was  assumed  to  be  from  the  above  class  of 
rivers,  the  plotted  position  implied  a  certain  rate  of  transport  for 
a  specified  sinuosity,  or  vice  versa.  No  data  concerning  transport 
were  available  to  test  the  results.  Although  the  gravel  river  reaches 
located  at  lake  outlets  should  have  been  excluded  from  the  analysis, 
since  they  were  not  of  the  correct  class,  the  study  did  attempt  to 
extend  the  regime  type  analysis  to  natural  channels. 


11/12 

S/  F.  (  ft.,  sec.  units  ) 
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REPRESENTATIVE  DISCHARGE,  Q,  IN  CUBIC  FEET  PER  SECOND 


NOTE: 

k  =  coefficient  to  allow  for  meandering 
1  =  coefficient  to  allow  for  variation 
in  definition  of  representative 
di scharge 

m  =  coefficient  to  cover  everything  else 
imaginable,  e.g.  suspended  load 
effects,  banks  being  quite  different 
from  those  of  canals,  etc. 

Ill  * 

f  (c)  =  bed  load  charge  function 
b  =  width 


FIGURE  2.4  REGIME  ANALYSIS  CHART  [FROM  BLENCH  AND  QURESHI  (1964)] 
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Other  investigators  have  also  used  the  "regime  type"  approach 
to  study  canals  and  natural  channels.  Some  of  the  more  important 
work  carried  out  in  parts  of  the  world  other  than  that  of  the  Indo- 
Gangetic  Plain  are  now  presented. 

One  important  study  related  to  the  hydraulic  geometry  (width- 
discharge,  depth-discharge,  and  velocity-discharge  relations)  of 
natural  rivers  was  that  by  Leopold  and  Maddock  (1953).  They  presented 
the  "at-a-station"  and  "downstream"  variation  of  hydraulic  geometry  for 
seven  major  basins  and  one  major  canal  system.  FIGURE  2.5  shows  the  type  of 
"downstream"  relation  obtained  when  using  the  mean  annual  discharge 
as  the  characteristic  or  representative  discharge.  They  did  not  have 
any  data  concerning  bed-load  transport,  but  they  did  discuss  the 
probable  relations  between  width,  depth,  velocity  and  suspended 
sediment.  FIGURE  2.6  illustrates  the  inferred  relations  which  result 
from  "at-a-station"  and  "downstream"  analysis. 

A  main  conclusion  was  that: 

"...  the  gauging-station  data  taken  at  points  distributed  over  a 
drainage  system  without  regard  to  the  existence  of  or  lack  of 
grade,  define  a  change  of  width,  depth,  and  velocity  downstream 
with  change  in  discharge  as  consistent  as  the  changes  observed  in 
the  same  type  of  data  within  a  graded  reach.  The  same  factors 
which  tend  to  maintain  equilibrium  when  a  reach  becomes  graded 
are  acting  also  on  reaches  not  in  complete  equilibrium  and  this 
action  is  sufficiently  potent  to  produce  consistent  patterns  in 
the  relation  among  the  hydraulic  factors  of  channel  shape." 

This  paper  served  as  the  basis  for  many  studies  related  to 
natural  channels.  For  example,  Stall  and  Yang  (1970)  carried  out 
a  study  using  the  hydraulic  geometry  data  from  300  stream  gauging 
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FIGURE  2.5  WIDTH,  DEPTH,  AND  VELOCITY  IN  RELATION  TO  THE  MEAN 
ANNUAL  DISCHARGE  AS  DISCHARGE  INCREASES  DOWNSTREAM 
IN  VARIOUS  SYSTEMS  [FROM  LEOPOLD  AND  MADDOCK  (1953)] 
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NOTE  ALU  SCALES  ARE  LOGARITHMIC 


EXPLANATION 

—  CHANGE  OOWNSTREAM  FOR 
tWSCHARGE  OF  GIVEN  FREQUENCY 

— - CHANGE  AT  GAGING  STATION  FOR 

DISCHARGES  Of  OlFFERENT  FREQUENCIES 


FIGURE  2.6  AVERAGE  HYDRAULIC  GEOMETRY  OF  RIVER  CHANNELS  EXPRESSED 
BY  RELATIONS  OF  WIDTH,  DEPTH,  VELOCITY,  SUSPENDED- 
SEDIMENT  LOAD,  ROUGHNESS,  AND  SLOPE  TO  DISCHARGE  AT- 
A- STATION  AND  DOWNSTREAM  [FROM  LEOPOLD  AND  MADDOCK  (1953)] 
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stations  in  12  river  basins  in  the  non-arid  parts  of  the  United  States. 
The  results  of  their  analysis  were  very  similar  to  those  obtained  by 
Leopold  and  Maddock  in  1953. 

Simons  and  Albertson  (1960)  studied  the  hydraulic  properties 

of  stable  canals  by  stratifying  the  data  according  to  the  type  of  bank 

and  bed  material  in  the  channel.  Based  on  data  from  114  stable 

canals  in  the  United  States  and  India  they  found  that: 

"...  the  area  required  to  transport  a  given  discharge  is  maximum 
for  sand  banks  and  beds,  somewhat  less  for  slightly  cohesive 
to  cohesive  banks  inclusive  and  a  minimum  for  coarse  non- 
cohesive  banks  and  beds.  The  explanation  of  the  preceeding  is 
primarily  a  difference  in  the  stability  of  the  different  bank 
materials. " 

Some  of  the  results  obtained  by  Simons  and  Albertson  are  shown 
graphically  in  FIGURE  2.7. 

Ackers  (1964)  used  sand-bed  models  to  derive  data  related  to 
the  regime  geometry  of  self- formed  channels.  He  concluded  that  a 
resistance  law  and  a  transport  law  are  fundamental  to  the  under¬ 
standing  of  the  problem.  In  addition  to  these  two  relations,  he 
found  that  the  form  factor  (width  to  depth  ratio)  was  a  constant  for 
small  channels  with  sand  banks  or  with  cohesive  banks.  Using  the 
expressions  for  the  resistance  law  and  the  transport  law  as  obtained 
from  the  model  channels  with  sand  banks  and  assuming  that  the  form 
factor  varied  as  square  root  of  the  mean  depth,  "regime  type"  equations 
were  developed  for  small  laboratory  sand-bed  channels.  He  found  that 
these  equations  differed  little  in  functional  form  from  the  Lacey- 
Blench  regime  equations  for  sand-bed  canals  with  cohesive  banks. 
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FIGURE  2.7  AREA  VERSUS  FULL  SUPPLY  DISCHARGE,  AND  WETTED  PERIMETER 
VERSUS  FULL  SUPPLY  DISCHARGE  FOR  STABLE  CANALS  WITH 
DIFFERENT  TYPES  OF  BEDS  AND  BANKS  [FROM  SIMONS  AND 
ALBERTSON  (I960)] 
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Kellerhals  (1967)  employed  a  "regime  type"  analysis  for  paved 
gravel  river  reaches  near  the  outlet  of  lakes.  The  choice  of  the 
river  reaches  was  made  to  ensure  that  the  bed  material  transport  was 
negligible.  He  used  this  data  from  natural  channels  along  with  data 
from  stable  gravel  canals  to  obtain  a  width  adjustment  equation,  a 
resistance  to  flow  equation,  and  a  shear  stress  equation  (similar  to 
an  initiation  of  motion  equation).  The  three  relations  that  were 
developed  are  shown  in  FIGURE  2.8.  The  regime  width,  depth  and  slope 
of  such  channels  were  obtained  by  solving  the  three  basic  equations 
for  width  adjustment,  resistance  to  flow,  and  shear  stress. 

Another  contribution  concerning  river  behavior  has  been  made  by 
Schumm  (1969)  who  studied  36  stable  sand-bed  channels  in  the  semi- 
arid  parts  of  the  United  States  and  Australia.  For  these  rivers,  the 
percent  of  silt  and  clay  (that  is  material  passing  the  0.074  mm.  sieve) 
in  the  channel  perimeter  was  used  as  an  indication  of  the  relative 
amount  of  material  moved  as  bed-load.  A  high  silt-clay  content  in 
the  channel  perimeter  was  associated  with  a  channel  that  had  a 
relatively  small  portion  of  the  total  load  moved  as  bed-load.  He 
presented  equations  relating  bankfull  width,  depth,  and  slope  to 
a  characteristic  discharge  (mean  annual  discharge,  or  mean  annual 
flood)  and  to  the  silt-clay  content  of  the  perimeter  of  the  channel. 

He  found  that  no  acceptable  relation  existed  between  channel  morphology 
and  the  bed  and  bank  material  size,  since  the  range  of  sizes  was  limited. 

Some  investigators  have  attempted  to  provide  an  alternative  derivation 
of  the  Lacey-Blench  regime  equations  for  duned-sand  bed  channels. 
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a)  Water  surface  width  versus  dominant  discharge 


b)  Comparison  of  three  friction  equations  (Equation  7  used  in 
analysis ) 


c)  Tractive  force  versus  grain  size 


FIGURE  2.8 


PLOTS  OF  THE  THREE  BASIC  RELATIONS  FOR  THE  DEVELOPMENT 
OF  THE  REGIME  EQUATIONS  FOR  STABLE  CHANNELS  WITH  PAVED 
GRAVEL  BEDS  [FROM  KELLERHALS  (1967)] 
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For  example,  Brebner  and  Wilson  (1967)  stated  that  it  is  their  purpose 

"...  to  show,  by  use  of  the  principle  of  minimum  energy-degradation 
rate,  that  the  regime  equations  may  be  derived  from  relationships 
developed  for  pressurized  two-phase  flow." 

The  derived  exponents  for  the  equations  obtained  from  the  above  model 

were  very  close  to  those  of  the  Lacey-Blench  regime  equations.  They 

also  show  that  the  hydraulic  radius  will  adjust  so  that  a  certain 

value  of  the  Froude  number  is  obtained  which  is  dependent  upon  the 

particle  properties  in  the  mobile  bed  and  the  concentration  of  solids 

in  the  flow,  but  independent  of  the  discharge.  Their  experimental  and 

theoretical  results  provide: 

"...  a  good  agreement  of  the  premise  that  the  dimensions  of  a 
waterway  with  a  moveable  boundary  tend  to  assume  the  values  which 
minimize  the  rate  of  energy  degradation;  that  is  the  product  of 
velocity  and  slope." 

In  addition  to  the  previous  "regime  type"  approaches  to  the 
study  of  river  behavior  a  few  other  lines  of  attack  have  been  made  on 
the  problem.  For  example,  Fortier  and  Scobey  (1926)  provided  a  set 
of  design  tables  to  give  the  values  of  limiting  velocities  for  certain 
types  of  bed  material.  Corrections  had  to  be  applied  for  depth  and 
suspended  sediment  concentration. 

Lane  (1  9 55b) considered  the  design  of  gravel-bed  canals  by  using 
a  tractive  force  analysis.  He  found  that  this  analysis  was  superior 
to  the  limiting  velocity  approach  for  canal  design. 

Henderson  (1961)  approached  the  study  of  natural  channels  by 
considering  two  main  classes  of  channels:  "live  bed-channels"  (sand) 
and  "threshold  channels"  (gravel).  He  states: 
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"...  it  must  be  recognized  that  no  one  theory  can  embrace  both  the 
threshold  condition,  in  which  the  bed  is  on  the  point  of  movement, 
and  the  regime  condition,  in  which  the  bed  movement  is  fully 
establ  i  shed. " 


He  used  a  resistance  to  flow  relation,  a  transport  relation  and 
a  breadth  adjustment  relation  for  live  bed  channels.  For  threshold 
channels  he  used  an  initiation  of  motion  equation  in  place  of  the 
transport  equation.  The  threshold  case  was  mainly  developed  from  the 
tractive  force  model  presented  by  Lane  (1955b). 


Leopold  and  Langbein  (1962)  attempted  to  deduce  the  functional 

forms  of  wi dth-di scharge ,  depth-discharge,  velocity-discharge  and 

slope-discharge  equations  for  natural  channels  by  considering  the 

concept  of  entropy  as  applied  to  landscape  evolution.  They  stated: 

"...  in  geomorphic  problems,  the  set  of  physical  factors  includes 
many  variables  such  as  the  amount  of  water  and  sediment  to  be 
carried,  the  fluid  friction,  and  the  river  transport  capacity. 

The  equations  connecting  these  factors  have  several  degrees  of 
freedom  remaining.  In  other  words,  a  river  system  is  "hydraul i cally 
indeterminant".  A  river  can  adjust  its  depth,  width,  or  velocity 
to  a  given  slope  in  several  ways  so  that  it  is  necessary  to 
establish  the  river  profile  and  the  hydraulic  geometry  on  the  basis 
of  maximum  probability. 

"...  The  principle  of  least  work  is  one  of  several  ways  in  which 
the  condition  of  maximum  probability  may  be  satisfied." 


Although  Langbein  (1964)  was  criticized  when  he  introduced  the 
above  concept  to  the  engineering  profession,  he  did  draw  attention  to 
the  probabilistic  nature  of  river  behavior.  Langbein  (1964)  and 
Maddock  (1969)  used  some  aspects  of  this  concept  to  derive  the 
functional  forms  of  the  Lacey-Blench  regime  equations  for  duned 
sand-bed  channels  under  the  constraint  of  constant  sediment  concentration. 


. 
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Dimensional  analysis  has  been  used  by  several  investigators  to 
determine  the  numerics  which  result  from  the  interaction  of  the 
relevant  variables  that  are  identified  in  the  "statement  of  the 
problem".  When  the  data  are  plotted  by  using  the  derived  numerics, 
various  classes  or  phases  of  the  phenomenon  under  investigation  may 
emerge.  In  some  cases  functional  forms  may  be  determined  for  specific 
phases . 

One  of  the  earliest  applications  of  dimensional  analysis  to 
the  study  of  river  behavior  was  that  by  Blench  and  Erb  (1957).  Their 
statement  of  the  problem  was  for  the  case  of  a  channel  with  fixed 
width.  One  of  the  resulting  set  of  numerics  included  the  relative  depth 
and  the  square  of  the  Froude  number.  The  second  set  of  numerics 
contained  the  terms  which  appear  in  the  King  slope  equation. 

Yalin  (1966)  presented  a  statement  of  the  problem  for  natural 
straight  canals.  He  considered  that  certain  "numerics"  were  of 
secondary  importance.  In  this  way  a  set  of  equations  were  established, 
such  that  the  width  equation  had  the  same  functional  form  as  the 
Lacey  regime  equation  for  width;  however,  the  functional  form  of  the 
depth  and  slope  equations  were  different  from  those  of  the  Lacey- 
Blench  regime  equations. 

Dimensional  analysis  provides  a  useful  tool  for  analyzing  river 
geometry  ,  if  the  statement  of  the  problem  is  complete,  and  if  adequate 
justification  can  be  made  for  rejecting  certain  numerics. 
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2.5  Geologic  Constraints  on  Channel  Geometry 

In  many  natural  channels  which  are  in  "dynamic  or  quasi -equi 1 i bri urn" 
the  mobile  bed  is  not  deep  so  the  channel  may  be  affected  by  local 
geologic  controls.  This  section  considers  some  of  the  findings 
related  to  the  geologic  constraints  on  channel  geometry. 

Lacey  (1958)  stated  that  it  is: 

"...  probable  that  in  boulder  and  shingle  rivers  the  slope  is  an 
independent  variable,  and  the  grade  of  material  actually  trans¬ 
ported  a  variable  dependent  on  the  flood  stage." 

Hack  (1957)  studied  the  effect  of  different  bedrock  types  on 

the  shape  of  the  longitudinal  profile  for  streams  in  Virginia  and 

Maryland.  He  found  that  in  geologically  similar  areas  the  stream 

profiles  were  similar.  FIGURE  2.9  shows  the  average  relation  between 

channel  slope  and  stream  length  at  localities  on  streams  in  seven 

geologically  different  zones  within  the  study  area.  He  also  found 

that  for  two  channels  a  break  in  profile  occurred  exactly  at  the 

break  in  the  major  geologic  contact.  Different  bedrock  types  also 

were  found  to  have  some  effect  on  the  cross-sectional  geometry,  since 

"...  streams  in  areas  of  softer  rocks  such  as  shale  or  phyllite 
tended  to  have  deeper  cross-sections  than  streams  in  more  resistant 
rocks  such  as  sandstone." 


Based  on  a  study  of  mountain  streams  in  New  Mexico,  Miller 
(1958)  found  that: 

"...  the  relations  of  slope  to  channel  width  and  drainage  area 
show  a  lithologic  separation  into  only  two  categories,  hard  rocks 
of  the  mountains  and  unconsolidated  deposits  of  the  Rio  Grande 
Depression.  This  means  that  slope  is  a  partially  independent 
variable,  determined  by  inherited  conditions  which  the  stream  can 
gradually  modify,  but  only  within  certain  limits." 


. 


CHANNEL  SLOPE,  S,  IN  FEET  PER  MILE 


FIGURE  2.9  LOGARITHMIC  GRAPH  SHOWING  THE  AVERAGE  RELATION  BETWEEN 
CHANNEL  SLOPE  AND  STREAM  LENGTH  AT  LOCALITIES  ON  STREAMS 
IN  SEVEN  GEOLOGICALLY  DIFFERENT  AREAS  [AFTER  HACK  (1957)] 
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In  a  summary  of  a  study  of  16  natural  stream  channels  in 
Pennsylvania,  Brush  (1961)  identified  three  main  bedrock  types  under¬ 
lying  portions  of  the  study  reaches.  He  found  that: 

"...  slope  tends  to  decrease  in  a  downstream  direction  almost 
independently  of  bedrock  character,  but  the  absolute  values  of 
slope  at  any  given  length  depends  on  bedrock." 

He  also  found  that: 

"...  there  is  a  slight  suggestion  that  bedrock  may  influence  the 
hydraulic  geometry  of  streams.  The  effect  is  seen  in  small  cross- 
sectional  areas  of  streams  flowing  in  limestone  and  dolomite." 

In  summary,  the  above  statements  indicate  that  the  bedrock  type 
is  an  important  but  complex  factor  when  considering  channels  in 
shallow  alluvium. 

2.6  Systematic  Evaluation  of  River  Regime 

Many  papers  found  in  the  literature  are  concerned  with  a  study 
on  one  reach  of  a  particular  river.  Several  such  examples  are  quoted 
in  the  Proceedings  of  the  Federal  Interagency  Sedimentation  Conference 
(1965).  The  results  from  this  type  of  study  are  often  difficult  to 
incorporate  into  a  general  analysis,  since  the  data  have  not  been 
collected  in  a  uniform  manner. 

Data  obtained  systematically  from  many  river  reaches  provide  an 
opportunity  for  generalized  analysis  of  river  behavior.  Leopold  and 
Maddock  (1953),  Leopold  and  Miller  (1956),  and  Leopold  and  Wolman  (1957) 
have  presented  much  of  the  basic  data  related  to  their  important  river 
studies;  however,  no  simple  method  is  available  for  stratifying  their 
data  according  to  geomorphic  criteria. 
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Neill  and  Gal  ay  (1967)  have  outlined  the  data  which  should  be 
obtained  when  studying  river  regime  on  a  systematic  basis.  Leopold 
and  Skibitzke  (1967)  have  given  some  guidelines  concerning  the  types 
of  measurements  that  should  be  made  on  a  remote  river. 


CHAPTER  3 


THE  DATA  USED  IN  THE  ANALYSIS 


3.1  General 

A  special  difficulty  in  a  study  related  to  a  large  field 
problem  is  that  the  data  cannot  usually  be  obtained  during  one  or 
two  field  seasons  or  by  one  individual.  This  often  results  in  a 
variation  in  the  quality  of  the  data  during  the  period  in  which  it 
is  collected.  It  is  essential  to  record  adequate  statements  con¬ 
cerning  the  quality  of  the  data  in  such  cases.  This  chapter  outlines 
the  data  sources,  defines  the  types  of  data  used,  and  gives  some 
indication  of  the  quality  of  the  basic  data  used  in  this  investigation. 

3.1.1  Data  Source 

The  field  data  for  this  study  were  obtained  between  the  years 
1961  and  1970  by  the  Research  Council  of  Alberta  and  the  Water 
Resources  Division,  Alberta  Department  of  the  Environment.  During 
these  years,  as  field  techniques  became  established,  the  quality  of 
the  data  generally  improved.  Most  of  the  data  utilized  were  obtained  dur¬ 
ing  the  years  1966  to  1969  by  G.  Gehmlich  and  H.  Schultz  of  the  Highway 
and  River  Engineering  Division  of  the  Research  Council  of  Alberta 
under  the  general  direction  of  C.  R.  Neill.  Some  data  were  also 
obtained  from  theses  presented  by  Qureshi  (1962),  Van  der  Giessen 
(1966)  and  Hollingshead  (1968). 

During  1970,  the  writer  obtained  additional  basic  survey  data  from 
five  river  reaches  and  missing  bed  material  data  for  44  reaches. 
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3.1.2  Data  Storage 

Since  many  types  of  data  were  available  for  each  study  reach,  a 
data  storage  system  was  devised  in  collaboration  with  R.  Kellerhals, 
formerly  with  the  Highway  and  River  Engineering  Division,  Research 
Council  of  Alberta.  The  system  was  designed  to  be  relatively 
flexible  and  to  be  readily  accessible.  It  was  set  up  so  that  des¬ 
criptive  data  could  be  coded  and  quantitative  data  could  be  qualified 
if  necessary.  The  basic  data  for  each  reach  were  stored  in  a  total 
of  37  tables.  A  complete  listing  of  the  data  with  explanatory  notes 
is  given  in  APPENDIX  I 

A  detailed  outline  of  the  type  and  quality  of  the  main  data 
used  in  this  study  is  presented  under  the  following  headings: 

1 .  Hydrologic  data 

2.  Cross-section  data 

3.  Slope  data 

4.  Bed  material  data 

5.  Geomorphologi cal  data 

All  reaches  accepted  for  this  analysis  had  a  hydrometric  station 
in  or  very  near  the  reach,  had  at  least  five  years  of  hydrometric 
data,  and  had  at  least  five  surveyed  cross-sections. 

3.2  Hydrologic  Data 
3.2.1  General 

One  of  the  most  important  variables  related  to  a  study  of  river 
regime  is  that  of  discharge.  To  ensure  that  the  quality  of  the 
discharge  data  was  adequate,  the  hydrometric  station  in  or  near  each 
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acceptable  reach  had  a  record  of  five  or  more  years.  A  study  by  Neill 
et  al  (1970)  of  a  few  Alberta  rivers  with  at  least  50  years  of 
records  indicated  that  any  five  year  mean  discharge  is  usually  within 
10  to  30  percent  of  the  50  year  mean.  No  estimates  of  the  variability 
of  other  characteristic  discharges  based  on  a  five  year  record  were 
available. 

No  attempt  was  made  to  adjust  the  hydrologic  records  to  a  common 
period  of  record.  Such  additional  detailed  analysis  was  considered 
to  be  unwarranted  for  this  study. 

For  most  cases  all  the  hydrologic  data  were  used  for  the  entire 
period  of  record,  or  up  to  1967,  the  last  year  for  which  data  were 
available  on  magnetic  tape.  For  those  cases  with  less  than  five 
years  of  data  for  the  period  ending  in  1967,  more  recent  data  were 
used  to  meet  the  five  year  criterion. 

In  a  few  cases  estimates  had  to  be  made  for  certain  characteristic 
discharges,  such  as  the  long-term  mean  discharge  based  on  an  annual 
record  for  those  reaches  with  an  April  -  October  record.  All  compu¬ 
tations  related  to  these  estimates  are  available  in  the  working  files 
held  by  the  Highway  and  River  Engineering  Division,  Research  Council 
of  Alberta.  A  code  is  provided  in  the  basic  data  tables  (APPENDIX  I) 
to  show  whether  an  estimate  was  made  by  considering: 

1.  An  upstream  and/or  downstream  station 

2.  A  station  in  an  adjacent  basin 

3.  A  station  in  a  somewhat  remote  basin 


■ 


39 


4.  No  flow  during  the  winter  months  at  the  station 

5.  Some  estimated  data  for  the  station 

Such  coding  of  the  data  provides  a  means  of  quickly  evaluating  the 

quality  of  a  given  discharge. 

» 

For  each  reach  the  following  characteristic  discharges  were 
obtained  if  the  established  criteria  were  met: 

1.  Long-term  mean  discharges  based  on  the  full  year  record  and 
on  the  April  to  October  record. 

2.  Flood  discharges  corresponding  to  the  1.5,  2,  5,  10,  25,  50 
and  100  year  return  periods  based  on  maximum  annual  daily 
mean  discharges. 

3.  Discharges  which  are  exceeded  0.5,  1,  5,  10,  and  50  percent 
of  the  time  based  on  the  April  to  October  record  but  computed 
on  the  basis  of  the  entire  year. 

3.2.2  Long  Term  Mean  Discharges 

The  long  term  mean  discharges  were  computed  with  the  assistance 
of  the  Water  Resources  Division,  Alberta  Department  of  the  Environ¬ 
ment.  For  stations  with  a  full  year  record,  long  term  mean  dis¬ 
charges  were  computed  for  the  year  and  for  the  period  April  to 
October  using  years  with  complete  data.  Many  of  the  stations  were 
only  active  during  the  period  March  to  October  or  from  April  to 
October.  In  such  cases,  the  long  term  mean  was  estimated  from  nearby 
stations,  or  by  assuming  that  the  winter  flow  was  negligible.  The 
data  which  are  estimated  are  qualified  by  the  code  given  in 
SECTION  3.2.1. 

3.2.3  Flood  Discharges 


The  flood  frequency  analysis  for  each  station  was  based  on  the 
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maximum  annual  daily  mean  discharges.  Each  analysis  was  carried  out 
by  using  a  straight  line  fit  to  the  data  when  plotted  on  log-normal 
paper.  In  all  cases  the  best  fit  line  was  established  by  eye.  The 
log-normal  distribution  has  been  recommended  by  Kuiper  (1957)  and 
Ansley  (1959).  Spence  (1971)  found  that  the  log-normal  distribution 
gave  the  most  consistant  results  for  rivers  in  the  plains  of  Western 
Canada. 

The  maximum  return  period  used  in  any  analysis  was  based  on  the 
following  arbitrary  rule: 


Period 

of  record 

Maximum  return 

5  - 

7 

5 

8  - 

12 

10 

13  - 

24 

25 

25  - 

49 

50 

50  - 

99 

100 

The  flood  frequency  data  were  not  all  updated  to  1967,  but 
in  most  cases  all  data  up  to  the  year  1964  were  used.  The  data 
were  updated  to  include  the  most  recent  events  for  those  cases  with 
a  minimum  number  of  years  of  record.  In  all  cases,  the  number  of 
years  used  in  the  analysis  along  with  the  date  of  the  last  year  were 
tabulated. 

No  regional  flood  analysis  studies  were  carried  out  to  attempt 
to  establish  a  more  uniform  estimate  of  flood  frequencies.  The 
station  flood  frequency  analysis  was  used  in  the  investigation  unless 
it  was  found  to  be  inconsistent  with  upstream  and/or  downstream 
stations  with  a  longer  period  of  record.  In  such  cases,  the  flood 


, 
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frequency  data  were  adjusted  by  considering  the  adjacent  stations 
with  a  longer  record. 

3.2.4  Flow  Duration  Data 

A  computer  program  developed  by  the  Water  Resources  Division, 
Alberta  Department  of  the  Environment  was  utilized  for  the  analysis. 
The  computations  were  carried  out  using  the  April  to  October  records 
with  a  time  base  of  an  entire  year.  This  assumes  that  the  November 
to  March  flows  were  less  than  the  discharge  which  was  exceeded  50 
percent  of  the  year.  Flow  duration  analyses  based  on  the  full  year 
at  some  stations  indicated  that  the  above  assumption  was  valid  in 
the  majority  of  cases.  The  reason  for  selecting  the  April  to  October 
record  was  that  most  of  the  hydrometric  stations  had  adequate  records 
for  this  period  of  the  year. 

In  a  few  cases  the  period  of  record  was  shorter  than  April  to 
October.  Then  the  discharges  exceeded  0.5,  1,  5,  and  10  percent  of 
the  time  and  were  computed  from  the  May  to  September  period  and 
assumed  to  apply  directly  to  the  April  to  October  period.  Results 
based  on  stations  with  full  years  of  record  indicated  that  this 
assumption  was  also  generally  valid.  The  50  percent  flow  duration 
discharge  could  not  be  evaluated,  since  the  period  May  to  September 
is  less  than  one  half  of  a  year. 

If  the  period  of  complete  record  was  less  than  five  years,  the 
flow  duration  data  were  estimated  from  a  nearby  station.  The 
estimates  were  usually  based  on  the  assumption  that  the  flow  durations 
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and  the  long  term  mean  discharges  and/or  flood  discharges  were 
related.  All  cases  which  involved  estimates  are  noted  in  the 
tabulated  data. 

3.3  Cross-section  Data 

Some  studies  related  to  natural  channels,  such  as  those  by 
Leopold  and  Maddock  (1953)  and  Stall  and  Yang  (1970),  have  only  used 
one  cross-section  to  define  the  channel  properties.  Usually  the 
cross-section  was  at  or  near  a  hydrometric  station,  which  may  be 
located  at  an  atypical  location  in  order  to  provide  a  good  hydraulic 
control.  In  this  study,  the  channel  properties  for  a  river  reach 
are  the  average  cross-sectional  area,  and  the  average  water  surface 
width  associated  with  a  specific  discharge.  These  properties  are 
defined  from  5  to  10  cross-sections  in  each  reach  with  the 
hydrometric  station  located  near  the  centre  of  the  reach  in  most  cases. 

The  method  of  survey  varied  over  the  period  1961  -  1970.  Some 
of  the  surveys  before  1965  were  not  carried  out  to  a  point  above 
the  high  water  line,  and  as  a  result  the  channel  properties  for 
high  discharges  were  not  well  defined.  In  some  cases  in  1965  and 
1966  the  channel  was  sounded  and  the  portion  of  the  cross-section 
above  the  water  on  the  day  of  the  survey  was  determined  from  photo- 
grammetric  plots.  However,  the  majority  of  the  surveys  were  carried 
out  in  1967,  1968,  and  1969.  In  these  later  surveys,  the  entire 
cross-section  was  surveyed  to  a  point  well  above  the  high  water  line. 


As  a  result  of  the  experience  gained  by  the  writer  from  field 
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surveys  and  from  a  study  of  the  field  surveys  of  others,  an  outline  of 
a  recommended  survey  procedure  for  some  classes  of  rivers  is  given 
in  APPENDIX  A.  An  example  of  a  survey  carried  out  by  the  writer  on 
a  relatively  small  river  is  presented  in  APPENDIX  H. 

3.3.1  Parallelism  of  Water  Surfaces 

The  basic  assumption  used  to  determine  the  channel  properties 
for  a  reach  was  that  the  water  surface  at  any  discharge  was  parallel 
to  the  water  surface  on  the  day  of  the  survey.  This  assumption  would 
be  valid  for  a  relatively  uniform  channel  with  few  obstructions  to 
flow.  In  this  study  no  reaches  are  considered  where  major  tributaries 
enter  within  the  reach,  since  there  could  be  backwater  effects  which 
would  interfere  with  the  assumption  of  parallelism. 

One  obvious  case  where  the  parallelism  of  flow  is  not  strictly 
valid  is  for  the  pool  and  riffle  sequence.  If  the  survey  is  carried 
out  at  low  flow,  about  80  to  90  percent  of  the  energy  loss  is  at  the 
riffles.  However,  at  higher  flows  the  water  surface  is  more  uniform. 
FIGURE  3.1  schematically  illustrates  this  type  of  condition  along  with 
an  indication  of  the  error  due  to  the  assumption  of  parallelism.  In 
most  cases,  however,  this  deviation  is  not  substantial.  Hollingshead 
(1968)  obtained  water  surface  profiles  for  Elbow  River  at  Bragg  Creek, 
a  gravel  river  in  the  foothills  of  Alberta,  at  several  discharges 
and  found  relatively  good  parallelism.  A  similar  conclusion  is  noted 
from  two  surveys  of  the  water  surface  profile  of  the  North  Saskatchewan 


River  at  Edmonton. 
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FIGURE  3.1 


SCHEMATIC  ILLUSTRATION  OF  THE  DEVIATION  FROM  THE 
ASSUMPTION  OF  "PARALLELISM"  FOR  A  POOL  AND  RIFFLE 
SEQUENCE 


. 
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If  parallelism  is  accepted,  an  increment  in  the  stage  above 
(or  below)  the  surveyed  stage  at  the  gauging  station  is  added  (or 
subtracted)  to  the  surveyed  water  surface  elevation  at  all  cross- 
sections.  Then  channel  properties  at  discharges  other  than  the  one 
on  the  day  of  survey  are  obtained. 

3.3.2  Limitations  of  Analysis 

This  analysis  does  not  account  for  the  change  in  a  cross- 
section  resulting  from  any  scour  which  may  occur  at  high  stages. 

Each  cross-section  was  assumed  to  remain  unaltered  over  the  whole 
range  of  discharges,  since  no  simple  means  of  estimating  scour  could 
be  incorporated  into  the  analysis. 

Although  there  was  no  evaluation  of  the  extent  of  scour  during 
the  passage  of  a  flood,  there  is  some  evidence  that  a  relatively 
major  flood  does  not  result  in  an  appreciable  change  in  the  net 
channel  properties.  Hollingshead  (1968)  made  measurements  of  the 
average  channel  properties  on  a  reach  of  the  Elbow  River  near  Bragg 
Creek,  Alberta  before  and  after  a  flood  with  a  return  period  of  about 
50  years.  He  found  that  some  of  the  cross-sections  had  changed,  but 
that  the  average  channel  properties  for  the  reach  were  not  appreciably 
altered. 

Of  course,  catastrophic  events  such  as  the  flood  on  Coffee 
Creek,  California  reported  by  Stewart  and  caMarche  (1967)  can  cause 
an  appreciable  change  in  the  channel  properties.  However,  no  reaches 
included  in  this  study  were  surveyed  after  such  an  extreme  event. 
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One  other  factor  which  could  not  be  accounted  for  directly  in 
the  analysis  was  the  effect  of  sediment  transport  on  the  developed 
relations.  No  detailed  data  for  bed  material  transport,  or  wash 
load  were  available  for  more  than  one  or  two  reaches.  Even  with 
this  limitation  certain  estimates  of  the  relative  effects  of 
sediment  transport  could  be  made  from  the  results  of  laboratory 
tests . 

The  effect  of  wash  load  for  gravel  bed  rivers  may  not  be  of 
great  importance  but  it  should  be  considered  for  sand-bed  rivers. 

The  bed  material  load,  either  as  bed-load  or  suspended  load  should 
be  considered  for  all  types  of  river  for  an  exhaustive  treatment  of 
the  problem. 

3.3.3  Method  of  Computing  Channel  Properties 

A  program  was  written  to  compute  the  average  channel  properties 

j 

for  any  reach  with  a  maximum  of  15  cross-sections  and  up  to  50 
coordinate  points  at  each  cross-section.  The  channel  properties  may 
be  computed  for  as  many  as  14  different  discharges.  The  coefficient 
of  variation  of  the  cross-sectional  areas  and  the  water  surface  widths 
are  also  given  for  each  flow  condition.  A  detailed  write-up  of  this 
program  is  given  in  APPENDIX  B. 

The  channel  properties  and  the  associated  coefficients  of 
variation  for  four  characteristic  discharges  had  been  computed  for 
the  majority  of  reaches  by  G.  Gehmlich  and  S.  Wolanski  of  the  Highway 
and  River  Engineering  Division,  Research  Council  of  Alberta  before 
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this  detailed  analysis  was  initiated.  The  discharges  used  in  the 
previous  analysis  were  those  corresponding  to  the  date  of  survey, 
the  approximate  long-term  mean,  the  2-year  flood,  and  a  high  or 
"bankful  1"  discharge.  The  results  for  18  of  these  reaches  appeared 
to  be  questionable;  consequently,  the  channel  properties  were 
recomputed  using  the  program  developed  for  this  study.  All  basic 
survey  data  obtained  during  1970  were  analysed  with  the  aid  of  this 
program. 

The  analyses  carried  out  prior  to  1970  based  on  four  discharges 
were  accepted  for  the  majority  of  the  reaches.  Using  these  previously 
computed  data,  the  channel  properties  and  the  associated  coefficients 
of  variation  for  the  characteristic  discharges  adopted  for  this 
investigation  were  obtained  by  linear  interpolation  on  log-log  or 
semi -log  paper. 

3.3.4  Channel  Properties  Related  to  Geomorphic  Features 

When  determining  the  channel  properties  from  field  notes,  the 
following  three  features,  which  are  illustrated  schematically  in 
FIGURE  3.2,  were  noted: 

1 .  low  level  bench 

2.  trim  line 

3.  valley  flat 

The  low  level  bench  is  associated  with  the  current  river;  it  is  of 
very  limited  extent  and  can  only  be  detected  from  relatively  detailed 
field  notes.  This  feature  has  been  observed  by  Woodyer  (1968)  and 
others.  The  trim  line  is  the  distinct  interface  along  the  channel 
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a)  Low  Level  Bench 


b)  Trim  Line 


c)  Valley  Flat 


d)  Combination 


FIGURE  3.2  SCHEMATIC  ILLUSTRATION  TO  DEFINE  A  LOW  LEVEL  BENCH, 
A  TRIM  LINE,  AND  A  VALLEY  FLAT 
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below  which  the  vegetation,  excluding  grasses,  is  unable  to  become 
firmly  established.  The  trim  line  is  most  prominent  in  channels 
that  are  along  a  valley  wall.  Leopold  and  Skibitzke  (1967)  have 
used  this  feature  to  define  "bankfull"  stage  for  channels  with  no 
well  developed  valley  flat.  The  valley  flat  is  the  lowest  recognizable 
flat  which  is  associated  with  the  present  river.  It  may  often  be  of 
limited  extent,  but  is  usually  distinguishable  on  aerial  photographs. 

t 

If  the  valley  flat  is  subject  to  flooding  with  a  return  period 
of  a  few  years  (e.g.  1.1  to  5  years),  it  may  be  considered  to  be  a 
genetic  flood  plain.  If  the  valley  flat  is  flooded  very  infrequently 
(e.g.  100  years),  it  is  indistinguishable  from  a  low  terrace.  For 
those  cases  between  the  two  extremes  given,  the  valley  flat  may  be 
considered  to  be  a  flood  plain  by  some  investigators. 

These  features  cannot  be  easily  identified  in  all  cases,  but  if 
detailed  survey  notes  are  available  it  is  generally  possible  to  locate 
the  low  level  bench  and/or  a  trim  line.  The  valley  flat  can  generally 
be  recognized  even  if  detailed  surveys  are  not  available. 

Each  reach  was  examined  in  order  to  obtain  the  average  height 
of  the  low  level  bench  and/or  trim  line  and  the  valley  flat  above  the 
water  surface  on  the  day  of  survey.  A  discharge  correspondi ng  to  the 
average  stage  of  these  features  was  estimated  by  means  of  the  rating 
curve.  A  return  period  was  then  estimated  for  this  discharge  by 
considering  the  flood  frequency  plot  for  the  hydrometric  station  in 
the  reach.  The  percent  of  the  time  for  which  this  discharge  was 
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exceeded  was  also  estimated  by  using  the  flow  duration  data.  A 
detailed  example  of  the  determination  of  these  features  is  presented 
in  APPENDIX  H. 

When  the  stage  corresponding  to  a  high  discharge  was  above 
the  local  valley  flat  for  certain  portions  of  the  reach,  an 
"artificial  wall"  was  analytically  inserted  in  order  to  provide 
realistic  channel  properties.  (See  APPENDIX  B).  In  most  cases  such 
walls  were  not  required,  but  this  option  did  permit  some  control  for 
high  discharges. 

3.3.5  Effect  of  the  Rating  Curve  on  the  Computed  Channel  Properties 

One  limiting  factor  when  computing  the  channel  properties  is 
the  accuracy  of  the  rating  curve,  especially  at  high  stages.  If 
the  data  from  the  rating  curve  or  rating  table  were  relatively  linear 
when  plotted  on  log-log  paper,  an  extrapolation  was  made  to  the  level 
of  the  valley  flat.  No  discharges  were  used  in  the  analysis  in 
excess  of  the  estimated  discharge  corresponding  to  the  valley  flat. 

If  no  valley  flat  was  readily  distinguishable,  the  rating  curve  was 
not  extended  beyond  a  discharge  correspondi ng  to  the  10  year  flood. 

In  all  cases  involving  active  hydrometric  stations,  the  rating 
curve  used  in  the  analysis  was  the  rating  curve  which  was  applicable 
at  the  time  of  the  field  survey  of  the  river  reach.  In  a  few  cases, 
the  hydrometric  station  was  inoperative  for  a  period  of  several 
years  before  the  field  survey  was  carried  out.  The  last  or  most 
appropriate  rating  curve  was  used  in  these  cases. 
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A  code  was  used  to  indicate  whether  each  rating  curve  was  stable, 
slightly  unstable,  moderately  unstable,  or  highly  unstable.  These 
evaluations  were  made  by  the  staff  of  the  Calgary  office  of  the 
Water  Survey  of  Canada. 

3.4  Slope  Data 

3.4.1  General 

The  slope  of  the  river  reach  is  often  not  measured  in  the  field. 
Several  river  studies  such  as  that  by  Stall  and  Yang  (1970),  only 
use  the  topographic  slope,  while  other  studies,  such  as  that  by 
Wolman  (1955),  are  based  on  local  slope  measurements. 

For  this  study  the  slope  used  is  the  average  for  a  length 
ranging  from  10  to  40  channel  widths.  The  vertical  control  was 
established  by  leveling  for  all  field  slopes.  The  distance  measure¬ 
ments  were  made  by  using: 

1.  taped  distances 

2.  stadia  distances 

3.  distances  scaled  from  calibrated  aerial  photographs 

4.  distances  scaled  from  topographic  or  planimetric  maps 

In  about  10  percent  of  the  cases,  the  topographic  slopes  were  used, 
since  no  field  measurements  of  slopes  were  made  for  the  study  reaches. 

3.4.2  Method  of  Obtaining  Average  Field  Slope 

The  method  of  obtaining  the  average  slope  is  outlined  schematically 
in  FIGURE  3.3.  The  detailed  procedure  used  is  presented  as  follows: 

1.  The  water  surface  profile  for  the  day  of  survey  was  plotted. 


Elevation  Above  Datum 
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a)  Water  Surface  Profile  Before  and  After  Adjustment 


AH  =  Fall  of  Average  Slope  or  Length  of  Reach 
AL  =  Length  of  Reach 

Dev.  =  Maximum  Vertical  Deviation  of  Water  Surface  in  Reach 
b)  Parameters  Obtained  from  Water  Surface  Profile 


FIGURE  3.3  METHOD  OF  DETERMINATION  OF  AVERAGE  SLOPE  FOR  A  RIVER 
REACH 


2. 
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The  plotted  profile  was  evaluated  to  remove  the  effect  of  any 
atypical  rapids  or  other  obstructions  such  as  beaver  dams,  etc. 

3.  An  average  line  was  drawn  by  eye  through  the  adopted  water 
surface  profile  such  that  the  area  enclosed  by  the  profile 
above  and  below  the  average  line  was  about  equal. 

4.  Straight  lines  parallel  to  the  average  line  were  drawn 
through  the  most  remote  point  above  and  below  the  average 
line. 

5.  A  measure  of  maximum  deviation  of  the  slope  was  determined  by 
computing  the  ratio  of  the  vertical  distance  between  the 
parallel  lines  drawn  through  the  most  remote  points  and  the 
fall  associated  with  the  average  slope  for  the  reach. 


In  most  cases  no  adjustment  was  required.  A  note  was  provided 
to  indicate  the  reason  for  any  necessary  adjustment  of  slope.  The 
fitting  of  the  average  line  could  be  carried  out  in  an  analytical 
manner,  but  this  was  not  considered  to  be  necessary. 

Two  measures  of  the  variability  of  the  slope  within  the  reach 
were  used.  First,  the  maximum  deviation  divided  by  the  fall  of  the 
average  slope  over  the  reach  was  used  as  an  overall  simple  "goodness 
of  fit"  parameter.  This  parameter  provides  a  means  of  classifying 
the  slope  according  to  an  arbitrarily  specified  "goodness  of  fit" 
criterion.  Second,  a  qualitative  estimate  of  the  variation  of  the 
slope  throughout  the  reach  was  made.  FIGURE  3.4  illustrates  the 
following  four  categories  used  for  this  qualitative  evaluation. 

1.  The  water  surface  profile  was  close  to  the  average  slope  for 
the  reach. 

2.  The  water  surface  exhibited  relatively  small  deviations  from 
the  average  but  alternated  above  and  below  the  average  over 
the  reach.  (This  was  typical  for  a  pool  and  riffle  sequence.) 

3.  The  water  surface  exhibited  some  deviations  from  the  average 


Elevation  — ►  Elevation 
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a)  Category  I 
Small  Deviations 


b)  Category  2 
Alternating  Deviations 


Length  — ► 

c)  Category  3 

Moderate  But 
Acceptable  Deviations; 


Length  — ► 
d)  Category  4 
Unacceptable  Deviations; 


FIGURE  3.4  QUALITATIVE  DESCRIPTION  OF  SLOPE  VARIATION  WITHIN 
A  REACH 
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but  not  in  an  alternating  fashion.  In  this  case  there  was 
usually  one  major  but  acceptable  deviation  from  the  average. 

4.  The  water  surface  exhibited  a  significant  deviation  from  the 
average  in  the  reach.  The  reach  would  have  to  be  considered 
as  two  separate  reaches  based  on  slope. 

In  order  to  provide  an  evaluation  of  the  relative  magnitude 
of  the  deviation  of  the  topographic  slope  from  the  average  field 
slope  for  a  reach,  a  simple  analysis  was  carried  out  using  88 
comparable  field  and  topographic  slopes.  In  only  three  cases  did 
the  topographic  slope  deviate  from  the  average  field  slope  by  a 
factor  greater  than  two.  The  average  field  slope  for  these  reaches 
was  less  than  0.00055  ft. /ft.  More  detail  concerning  these  compari¬ 
sons  is  presented  in  APPENDIX  C. 

3.5  Bed  Material  Data 

3.5.1  Different  Sampling  Methods 

Many  studies  have  been  carried  out  to  determine  the  influence 
of  a  characteristic  bed  material  size  on  the  regime  geometry  of  a 
river  reach.  When  reviewing  some  of  the  previous  work,  for  example 
that  by  Lane  and  Carlson  (1953),  Wolman  (1954),  or  Muir  (1969),  it 
is  apparent  that  several  different  methods  of  sampling  and  analysis 
have  been  utilized  to  obtain  the  bed  material  size  for  gravel  rivers. 
One  of  the  first  problems  encountered  when  collating  the  available 
data  for  this  investigation  was  the  variety  of  methods  used  to  obtain 
the  characteristic  bed  material  sizes.  This  inconsistent  presentation 
of  data  demonstrated  the  need  for  an  overall  evaluation  of  the  bed 
material  sampling  process. 
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3.5.2  Distinction  between  Sand-bed  Rivers  and  Gravel  Rivers 

Since  the  majority  of  river  studies  have  been  related  to  sand- 
bed  rivers,  the  customary  bulk  sieving  procedure  has  been  the  basis 
of  most  analyses  involving  bed  material.  Therefore,  when  carrying 
out  studies  on  gravel  rivers  with  a  surface  of  coarse  material, 
the  bed  material  sample  of  the  surface  material  should  be  obtained 
in  such  a  way  that  it  is  "equivalent"  to  the  customary  bulk  sieve 
analysis  of  a  population  which  has  a  surface  similar  to  that  being 
sampled. 

FIGURE  3.5  illustrates  the  difference  between  a  sand-bed  river 
and  a  typical  gravel  river  with  respect  to  the  populations  to  be 
sampled.  Since  gravel  rivers  are  usually  analysed  from  a  "threshold" 
point  of  view,  the  surface  layer  is  important  as  it  is  the  boundary 
offering  the  resistance  to  flow.  Of  course,  the  subsurface  material 
would  have  to  be  considered  if  the  bed  became  extremely  active 
during  a  major  flood.  In  this  section,  the  emphasis  is  placed  on 
surface  sampling  methods. 

FIGURE  3.5b  shows  that  the  surface  population  for  gravel  rivers 
is  different  from  the  subsurface  population  because  of  the  missing 
fines  in  the  surface  layer.  These  types  of  channels  will  be  referred 
to  as  being  paved  if  the  coarser  subsurface  material  is  about  the 
same  size  as  the  surface  material.  If  the  surface  layer  is  obviously 
coarser  than  the  coarser  subsurface  material,  the  surface  is  referred 
to  as  being  armored .  This  effect  is  shown  schematically  in  FIGURE  3.5c. 
FIGURE  3.6  shows  the  appearance  of  two  paved  gravel  surfaces  in  the 
fiel  d. 
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d )  Vertical  Section  Through 
Population  with  Surface 
Material  Similar  to  that 
from  a  Paved  Gravet 
Bed  Channel 
(Similar  to  a)  ) 


FIGURE  3.5  VERTICAL  SECTION  IN  SAND-BED  AND  GRAVEL-BED  CHANNELS 
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a)  A  normal  paved  gravel  bed. 

Only  fines  removed  from  surface. 


b)  A  paved  gravel  surface  which  could 
be  almost  classed  as  an  armored 
gravel  surface. 


FIGURE  3.6  TYPICAL  GRAVEL  PAVEMENTS 
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The  surface  and  subsurface  populations  for  the  sand-bed  channel 
are  similar.  That  is,  for  a  sand-bed  channel  the  surface  may  be 
considered  to  be  a  random  slice  through  the  bed  material.  If  a 
volumetric  sample  was  taken  from  a  population  with  the  surface 
similar  to  the  surface  material  of  a  gravel  river  as  shown  in  FIGURE 
3.5d,  then  a  bulk  sieve  analysis  of  this  sample  would  be  comparable 
to  the  bulk  sieve  analysis  from  a  sand-bed  river.  In  this  case  the 
volumetric  sample  for  sieve  analysis  is  taken  so  that  the  size  of 
the  material  does  not  influence  the  volume  sampled  (or  in  other  words, 
the  volumetric  sample  is  essentially  predetermined  as  shown  in  FIGURE 
3. 5d) . 

3.5.3  The  Sampling  Process 

This  section  outlines  the  steps  in  a  complete  sampling  process 
after  a  sampling  site  has  been  located  in  the  field.  Several 
sampling  procedures  are  available  and  are  outlined  as  follows: 

1.  Collection  of  a  sample 

1.  Volumetric  sampling:  a  predetermined  volume  of  bed  material 
is  collected. 

2.  Grid  sampling:  a  sample  is  collected  at  grid  points 
established  on  the  surface.  The  grid  points  may  be  estab¬ 
lished  randomly  or  in  a  fixed  manner  such  as  a  line  grid. 

3.  Areal  sampling:  the  sample  consists  of  all  stones  on  a 
specified  area  of  the  gravel  surface. 

4.  Transect  sampling:  the  sample  consists  of  all  stones 
falling  under  a  straight  line  across  the  gravel  surface. 

2.  Determination  of  a  linear  dimension 

1.  Size  based  on  square  mesh  sieves. 

2.  b-axis  measured  with  calipers  on  each  stone. 
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3.  b-axis  scaled  from  photographs. 

3.  Frequency  of  occurrance  of  specified  size  classes 

1 .  by  weight 

2.  by  number 

3.  by  area 


Any  combination  of  these  steps  may  constitute  a  sampling  pro¬ 
cedure.  The  types  of  sampling  procedures  encountered  in  this  study 
were: 

1.  Bulk  sieve  analysis  (S) 

A  volumetric  sample  which  was  sieved  on  square  meshed  sieves 
and  analysed  by  weight  (S).  This  is  referred  to  as  the 
customary  bulk  sieve  analysis  and  includes  surface  and  sub¬ 
surface  material. 

2.  Grid-by-number  (GBN) 

Stones  were  collected  on  a  line  grid  or  by  a  random  step 
procedure;  the  b-axes  were  measured  by  calipers  and  analysed 
by  number. 

3.  Grid-by-number  from  photograph  (GBNP) 

A  photograph  of  a  square  grid  was  taken  of  the  gravel  surface, 
the  b-axes  of  the  stones  under  the  grid  intersections  were 
scaled  from  the  photograph  and  analysed  by  number. 

4.  Grid-by-weight  (GBW) 

Stones  were  collected  on  a  line  grid  or  by  a  random  step 
procedure,  then  sieved  on  square  mesh  sieves  and  analysed  by 
weight. 


3.5.4  Simple  Cube  Model 

In  order  to  develop  a  surface  sampling  technique  for  paved 
gravel  river  beds  which  is  equivalent  to  a  bulk  sieve  analysis  of 
a  population  with  the  same  surface  material,  a  simple  model  was  used. 
The  model  was  originally  conceived  by  Kellerhals  and  later  developed 
by  Kellerhals  and  the  writer.  The  cube  model  presented  in  FIGURE  3.7 
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FIGURE  3.7  RANDOMIZED  SAMPLE  OF  DENSELY  PACKED  CUBES  OF  THREE  SIZES 
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is  assumed  to  be  homogeneous  and  to  consist  of  a  population  similar 
to  that  of  the  surface  material.  For  simplicity  three  different 
sizes  are  used  in  the  sample.  The  sample  is  also  considered  to  be 
infinite  in  extent  and  to  have  a  random  arrangement  of  particles. 

The  table  at  the  bottom  of  FIGURE  3.7  summarizes  the  distribution  of 
particles  in  the  sample. 

If  the  entire  block  is  considered  as  a  volumetric  sample  which 
is  sieved  and  analysed  by  weight,  the  resulting  histogram  would  be 
that  shown  in  FIGURE  3.8a.  For  this  simplified  case,  the  histogram 
is  uniform.  An  "equivalent"  surface  sampling  procedure  is  defined 
to  be  one  which  results  in  a  histogram  similar  to  that  obtained  for 
the  sieve  analysis  of  a  volumetric  sample  from  the  same  population. 

Several  surface  sampling  procedures  may  now  be  tested  on  the 
simple  cube  model.  Consider  the  grid-by-number  procedure  first.  In 
this  case,  the  three  size  fractions  are  exposed  over  equal  areas.  If 
a  line  grid  is  used,  equal  numbers  of  each  particle  size  would  be 
picked  up  along  the  line.  The  resulting  histogram  would  be  "equiva¬ 
lent"  to  that  obtained  by  the  sieve  analysis  of  a  volumetric  sample. 
From  this  analysis  based  on  the  simple  cube  model,  it  is  concluded 
that  the  grid-by-number  method  is  "equivalent"  to  the  sieve  analysis. 
The  only  other  "equivalent"  method  is  area-by-area. 

Consider  one  further  example,  that  of  grid-by-weight.  Again 
equal  numbers  of  particles  will  be  selected  in  each  size  class,  but 
when  analysed  by  weight,  the  resulting  histogram  is  not  equivalent 
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a)  Volumetric  Sieve  Anclysis 


b)  Grid- by- Number 


c)  Area- by- Weight 


d)  Grid-by-Weight 
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e)  Area-by-Number 


FIGURE  3.8  HISTOGRAMS  FOR  DIFFERENT  SAMPLING  PROCEDURES  BASED  ON  THE 
CUBE  MODEL  IN  FIGURE  3.7 
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to  the  sieve  analysis,  as  illustrated  in  FIGURE  3.8.  Another 
unfavorable  feature  of  this  procedure  is  that  one  or  two  large 
particles  can  dominate  the  shape  of  the  histogram. 

In  a  similar  manner,  the  model  may  be  used  to  obtain  histograms 
for  other  surface  sampling  techniques.  FIGURE  3.8  presents  the 
histograms  for  area-by-weight  and  area-by-number. 

One  advantage  of  this  model  is  that  simple  weighting  factors 
may  be  derived  to  convert  from  one  method  to  another.  TABLE  3.1 
summarizes  these  weighting  factors  for  most  conversions  that  are 
encountered. 

3.5.5  Testing  the  Simple  Cube  Model 

FIGURE  3.9a  illustrates  the  distributions  of  four  samples  taken 
at  the  same  locations  but  analysed  by  different  methods.  FIGURE  3.9b 
shows  the  effect  of  converting  these  distributions  to  "grid-by¬ 
number"  (that  is,  the  "equivalent"  sieve  curve)  by  means  of  the 
derived  weighting  factors.  All  curves  are  so  close  after  the 
conversion  that  the  remaining  differences  may  be  attributed  to  random 
effects . 

Ten  samples  obtained  from  different  Alberta  rivers  by  the 
Water  Resources  Division,  Alberta  Department  of  the  Environment  were 
analysed  as  grid-by-number  and  grid-by-weight.  When  the  samples  were 
converted  from  grid-by-weight  to  grid-by-number ,  the  computed  grid- 
by-number  sizes  never  deviated  more  than  2  millimeters  from  the 
original  grid-by-number  analysis.  An  example  of  one  of  the 
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TABLE  3.1 

WEIGHTING  FACTORS  FOR  THE  CONVERSION  OF  SAMPLING  PROCEDURES 


Conversion  to 

Sieve-by- 

Grid-by- 

Grid-by- 

Area-by- 

Area-by- 

weight 

number 

weiqht 

number 

weight 

from 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Sieve-by- 

1 

weight 

1 

1 

D3 

D2 

D 

Grid-by- 

1 

number 

1 

1 

D3 

D2 

D 

Grid-by- 

1 

1 

1 

1 

weight 

D3 

D3 

1 

D5 

D2 

Area-by- 

number 

D2 

D2 

D5 

1 

D3 

Area-by- 

1 

1 

1 

weight 

0 

D 

D2 

D3 

1 

Notes:  1.  The  weighting  factors  are  derived  for  densely  packed  cubes 
in  random  arrangement 

2.  0  is  the  geometric  mean  size  of  the  size  range  to  be 

adjusted  by  the  weighting  factor.  D  can  be  a  sieve  size 
or  an  intermediate  axis. 
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FIGURE  3.9  COMPARISON  OF  FOUR  SURFACE  SAMPLING  PROCEDURES  BEFORE  AND 
AFTER  CONVERSION  TO  EQUIVALENCE  WITH  GRID-BY-NUMBER 
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conversions  is  shown  in  FIGURE  3.10. 

The  grain  size  curves  for  four  samples  are  shown  in  FIGURE  3.11 
to  indicate  the  type  of  agreement  over  the  whole  distribution  when 
a  grid-by-number  analysis  and  a  volumetric  sieve  analysis  of 
material  greater  than  8  mm.  are  compared.  In  all  cases  the  volu¬ 
metric  sample  of  surface  and  subsurface  material  was  obtained  along 
the  line  grid  established  to  collect  the  sample  of  50  stones  for  the 
grid-by-number  analysis.  In  three  out  of  the  four  cases  the 
agreement  is  quite  sati sfactory.  The  major  deviation  for  the 
smaller  sizes  for  reach  number  95  is  probably  due  to  some  armoring 
effect.  If  this  hypothesis  is  correct,  this  type  of  plot  could  be 
used  to  establish  criteria  for  predicting  the  degree  of  armoring 
for  a  gravel  bed  consisting  of  relatively  large  bed  material.  The 
normal  paved  gravel  bed  should  show  little  or  no  deviation  between 
the  two  types  of  analysis. 

3.5.6  Grid-by-Number  Established  as  Reference 

Based  on  the  "equivalence"  of  grid-by-number  analysis  and  sieve 
analysis,  the  grid-by-number  procedure  was  established  as  the 
reference  method  for  all  surface  sampling  from  gravel  rivers.  One 
advantage  of  adopting  this  procedure  is  that  the  presentation  of 
results  from  sand-bed  and  gravel  rivers  would  be  directly  comparable 
for  surface  related  phenomenon  (e.g.  initiation  of  motion,  grain 
roughness,  etc.).  A  practical  reason  for  considering  grid-by-number 
is  that  the  analysis  is  not  dominated  by  the  presence  of  one  or  two 
large  particles  in  the  sample. 


. 
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0  SCALE 


8  16  32  64  128 


b  AXIS  IN  MM.  (LOG  SCALE  TO  BASE  2) 

DATA  SOURCE:  Water  Resources  Division 

Alberta  Department  of  the  Environment 


FIGURE  3.10  COMPARISON  OF  GRAIN  SIZE  DISTRIBUTIONS  FOR  GRID-BY-NUMBER 
AND  GRID-BY-WEIGHT 
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NOTE :  Volumetric  sample  for  sieve  analysis  taken  along 

the  line  grid  used  to  obtain  the  sample  for 
grid-by-number  analysis. 


FIGURE  3.11  COMPARISON  OF  GRAIN  SIZE  CURVES  OF  GRID-BY-NUMBER  ANALYSIS 
AND  SIEVE  ANALYSIS  OF  MATERIAL  GREATER  THAN  8  MM. 
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3.5.7  Bed  Material  Data  Available  Prior  to  1970 

Some  of  the  bed  material  data  that  were  available  for  Alberta 
rivers  were  obtained  by  Halferdahl  (1969)  from  the  period  of  1957  - 
1964.  His  data  were  not  primarily  collected  to  determine  the  effect 
of  the  bed  material  size  on  the  hydraulic  properties  of  the  channel, 
but  to  determine  the  concentrations  of  heavy  minerals  in  recently 
deposited  river  gravels  and  sands.  However,  in  many  cases  his  samples 
were  taken  at  points  in  or  near  a  study  reach  used  in  this  investi¬ 
gation.  Generally  his  samples  were  taken  at  the  upper  ends  of  bars 
or  of  mid-channel  islands.  That  is,  the  material  was  not  the  finest 
in  the  area,  but  was  more  typical  of  the  average  to  coarsest  material. 

Halferdahl  obtained  a  customary  bulk  sieve  analysis  of  the 
surface  and  subsurface  material.  The  results  of  a  typical  sieve 
analysis  from  one  of  his  many  samples  is  presented  in  FIGURE  3.12. 

The  histogram  is  bimodal  with  a  lack  of  material  between  the  1  and  8 
millimeter  range.  This  deficiency  has  been  observed  by  other 
investigators  [Sundborg  (1956),  Leopold  (1970)]  and  has  primarily 
been  attributed  to  selective  transport  or  optimum  breaking  sizes. 

The  probable  cause  is  selective  transport  which  implies  more  impacts 
per  unit  time  for  the  1  to  8  millimeter  size  range. 

On  most  surfaces  of  gravel  rivers,  it  is  difficult  to  find  an 
appreciable  amount  of  material  finer  than  8  mm.  Almost  all  of  the 
material  finer  than  8  mm.  is  from  the  subsurface  material.  In  order 
to  make  the  customary  bulk  sieve  analysis  comparable  to  the  surface 
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population  alone,  all  of  the  applicable  Halferdahl  samples  were 
reanalysed  by  omitting  the  material  finer  than  8  mm.  The  adjusted 
sieve  analysis  can  now  be  considered  to  be  comparable  to  a  sieve 
analysis  of  a  population  with  a  surface  similar  to  the  exposed 
surface.  This  assumption  is  clearly  invalid  if  the  surface  is 
severely  armored  with  material  obviously  larger  than  the  coarse 
material  under  the  armor  layer. 

In  addition  to  the  Halferdahl  samples,  bed  material  data  were 
available  from  the  Water  Resources  Division,  Alberta  Department  of 
the  Environment  and  the  Highway  and  River  Engineering  Division, 
Research  Council  of  Alberta.  In  some  cases  the  samples  were  grid- 
by-number,  in  which  case  they  were  accepted  without  adjustment.  All 
grid-by-weight  samples  were  converted  to  grid-by-number.  All  cus¬ 
tomary  bulk  sieve  analyses  were  adjusted  in  the  same  way  as  the 
Halferdahl  sieve  analyses.  Many  grid-photographs  were  also  available. 
In  all  cases  these  photographs  were  analysed  as  gri d-by-number  from 
photograph. 

3.5.8  Bed  Material  Sampling  Program 

After  considering  essentially  all  of  the  known  bed  material  data 
for  the  study  reaches,  a  sampling  program  was  established  to  obtain 
data  from  the  field  for  those  river  reaches  with  insufficient  data. 

The  main  objectives  considered  when  developing  the  field  program  were 
that: 

1.  Volumetric  samples  of  bed  material  should  be  obtained  from  at 
least  two  sites  for  reaches  with  sand  beds. 
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2.  Line  grid  samples  of  bed  material  should  be  obtained  from  at 
least  three  typical  sites  for  reaches  with  gravel  beds. 

3.  A  volumetric  sample  of  bank  material  should  be  obtained  for 
those  reaches  having  banks  of  high  clay-silt  content. 

4.  At  each  reach  of  a  gravel  river  the  following  samples  should 
be  taken  at  one  site  if  feasible: 

1.  two  line  grid  samples  of  50  each 

2.  two  grid  photographs  along  one  of  the  line  grids 

3.  one  volumetric  sample  including  the  surface  and  subsurface 
material  under  one  of  the  areas  covered  by  a  grid  photograph. 

A  detailed  explanation  of  the  exact  procedure  used  in  the  field  is 

given  in  APPENDIX  D. 

Various  investigators  have  suggested  the  use  of  different 
characteristic  sizes  for  different  aspects  of  flow  in  alluvial 
channels.  Kellerhals  (1967)  used  the  B90  size  in  gravel  rivers,  since 
the  coarser  particles  could  be  associated  with  effective  resistance 
to  flow.  Leopold  and  Wolman  (1957)  utilized  the  B84  size  to  establish 
an  empirical  relation  between  the  friction  factor,  f,  and  the  relative 
depth.  Einstein  (1950)  employed  the  D65  size  as  a  roughness  parameter 
for  computing  the  velocity  profile,  and  the  D35  size  for  the  effective 
material  size  related  to  bed  material  transport.  Straub  (1935) 
suggested  the  use  of  an  effective  size  which  was  near  the  D50  size. 

The  characteri sti c  sizes  used  in  the  study  were  B90,  B65  and  B50. 
These  sizes  were  selected  to  provide  data  for  alternative  analyses. 

One  reason  for  selecting  these  particular  sizes  was  that  for  some 
reaches  only  the  B90,  B65  and  B50  sizes  were  readily  available  [Van 
der  Giessen  (1966)]. 
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3.5.9  Comparison  of  Sampling  Procedures 

The  purpose  of  obtaining  the  data  under  item  4  in  the  list  in 
SECTION  3.5.8  was  to  study  the  following: 

1.  The  relation  between  a  grid-by-number  from  photograph  analysis 
and  the  grid-by-number  analysis. 

2.  The  relation  between  a  sieve  analysis  of  surface  and  subsurface 
material  and  the  grid-by-number  analysis. 

3.  The  comparison  of  two  gri d-by-number  samples  of  50  stones 
each. 

The  detailed  data  used  in  the  above  analyses  along  with  a  discussion 
of  the  results  are  presented  in  APPENDIX  F.  A  brief  summary  of  the 
results  are  given  in  the  following  sections. 

3. 5. 9.1  The  Comparison  of  Grid-by-Number  and  Grid-by-Number  from 
Photograph  Analysis 

In  almost  all  cases  in  this  analysis,  two  grid  photographs 
(a  50  mm.  grid  spacing  with  100  intersections)  were  taken  along  a 
line  grid  used  to  obtain  a  grid  sample  of  50.  A  total  of  50  b-axes 
were  scaled  from  the  photographs  (25  from  each  in  most  cases,  and  50 
from  one  in  the  few  cases  where  only  one  grid  photograph  was  taken). 

An  analysis  was  carried  out  using  the  characteristic  sizes  obtained 
from  the  grid  photograph  as  an  independent  variable.  The  correspondi ng 
characteristic  sizes  obtained  by  the  grid-by-number  method  were  used 
as  the  dependent  variable.  The  summary  of  a  linear  regression  analysis 
of  the  results  based  on  55  data  points  is  as  follows: 


r2 

S.E. (mm. ) 

B90(50)GBN  =  -10.1  + 

1.44*  B90(50)GBNP 

0.87 

33.6 

B65(50)GBN  =  -0.5  + 

1 .29  *B65(50)GBNP 

0.87 

19.9 

B50(50)GBN  =  4.8  + 

1 .14  *B50(50)GBNP 

0.88 

13.9 
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where:  B90(50)GBN  =  the  b-axis  in  millimeters  obtained  from  a  sample 

of  50,  such  that  90  percent  of  the  stones  are 
finer  than  this  size  using  the  grid-by-number 
(GBN)  analysis. 

B90(50)GBNP  =  similar  to  B90(50)GBN  but  by  using  grid-by- 
number  from  photograph  (GBNP)  analysis,  (mm.) 

o 

r  =  the  coefficient  of  determination. 

S.E.  =  the  standard  error  of  estimate  of  the  dependent 
variable,  (mm.) 

These  equations  were  derived  from  samples  for  which  all  values  of 
B90GBNP  were  smaller  than  263  mm.  and  all  values  of  B50GBNP  were 
larger  than  11  mm. 


From  these  results  it  is  apparent  that  the  two  methods  do 
not  give  identical  results.  If  the  cube  model  of  SECTION  3.5.4  is 
considered,  it  would  be  expected  that  the  results  would  be  the  same. 
Two  reasons  are  given  for  the  deviation: 

1.  The  stones  in  the  photograph  are  often  tilted  so  that  the 
proper  b-axis  is  not  readily  measured. 

2.  In  some  cases  the  stones  are  not  totally  exposed  and  as  a 
result  the  estimate  of  the  b-axis  from  the  photograph  is 
somewhat  smaller  than  it  should  be. 

Both  explanations  are  in  agreement  with  the  results  obtained  from 

the  simple  linear  regression  model;  that  is,  the  actual  b-axis  is 

larger  than  that  indicated  from  the  grid  photograph.  The  discrepancy 

is  greatest  for  the  largest  sizes  indicating  that  the  greatest  amount 

of  tilting  may  be  associated  with  these  sizes. 

An  alternate  analysis  was  carried  out  where  the  regression  line 
was  forced  through  the  origin.  The  results  obtained  were  similar  to 


. 
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those  given  by  the  best  fit  regression  line.  (See  APPENDIX  F. ) 

3. 5. 9. 2  Comparison  of  Grid-by-Number  and  Sieve  Analysis 

For  this  case  the  grid-by-number  procedure  based  on  a  sample 
of  50  stones  was  compared  to  one  volumetric  sample  consisting  of  the 
material  greater  than  8  mm.  In  all  cases  the  volumetric  sample  was 
taken  at  a  point  along  the  grid  line  and  consisted  of  the  surface 
and  subsurface  material.  The  detailed  field  procedure  used  to  obtain 
the  samples  is  presented  in  APPENDIX  D.  The  reason  for  considering 
material  greater  than  8  mm.  for  the  bulk  sieve  analysis  has  been 
given  in  SECTION  3.5.7. 

The  characteristic  sizes  obtained  from  the  sieve  analysis  were 
considered  to  be  the  independent  variable,  and  those  from  the  grid- 
by-number  method  were  considered  to  be  the  dependent  variable.  A 
summary  of  the  results  from  a  linear  regression  model  based  on  29 
data  points  is  presented  as  follows: 

rz  S.E.(mm.) 

B90(50)GBN  =  11.4  +  0.96-D90  S  0.76  19.8 

B65 ( 50 ) GBN  =  9.4  +  0.93’D65  S  0.75  12.1 

B50(50)GBN  =  5.0  +  1 .02  *D50  S  0.77  9.2 

where:  B90(50)GBN  =  the  b-axis  in  millimeters  obtained  from  a 

sample  of  50  such  that  90  percent  of  the  stones 
are  finer  than  this  size  using  the  grid-by¬ 
number  (GBN)  analysis. 

D90  S  =  the  size  in  millimeters  of  the  square  sieve 
mesh  such  that  90  percent  of  the  material  is 
finer  by  weight  than  this  size  when  sieving  all 
material  greater  than  8  mm.  (S). 

These  equations  were  derived  from  samples  for  which  all  values  of 
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D90  S  were  smaller  than  195  mm.  and  all  values  of  D50  S  were  larger 
than  16  mm. 

The  above  results  indicate  that  the  grid-by-number  size  is 
almost  the  same  as  the  characteristic  size  obtained  from  the  bulk 
sieve  analysis  of  material  greater  than  8  mm.  About  75  percent  of 
the  variance  is  explained  and  consequently  the  amount  of  scatter  in 
these  relations  is  quite  substantial.  However,  the  scatter  may  be 
the  result  of  random  sampling  and  random  degrees  of  paving. 

3. 5. 9. 3  Comparison  of  Two  Grid-by-Number  Samples  of  50  Stones 

Thirty-one  pairs  of  adjacent  grid  samples  of  50  were  obtained 
at  separate  sites  for  18  different  river  reaches.  Each  pair  of 
fifty  was  tested  to  determine  if  the  ratio  of  the  variances  based  on 
"phi"  diameters  differed  significantly  from  1.00  at  the  5  and  1 
percent  levels  and  if  the  difference  of  the  means  was  significant 
at  the  5  and  1  percent  levels.  The  ratio  of  the  variances  was  not 
significantly  different  from  1.00  at  the  tested  levels.  There  was 
a  significant  difference  of  the  means  at  the  5  percent  level  for  two 
cases.  No  cases  exhibited  significant  difference  at  the  1  percent 
level.  These  results  would  imply  that  for  practical  purposes  a  sample 
of  50  is  adequate. 

3.5.10  Bed  Material  Data  for  Reaches 

An  assessment  of  all  available  bed  material  data  was  necessary 
for  each  reach  used  in  the  investigation.  All  data  used  in  this  study 
for  sand-bed  rivers  were  based  on  bulk  sieve  analysis.  For  gravel 
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rivers  all  data  were  converted  or  adjusted  to  grid-by-number.  The 
following  procedures  were  used: 

1.  If  a  sample  was  analysed  as  grid-by-weight  (GBW),  it  was  3 
converted  to  grid-by-number  (GBN)  by  the  weighting  factor  1/D  . 

2.  If  a  sample  was  analysed  as  gri d-by-number  from  photograph 
(GBNP),  it  was  adjusted  to  grid-by-number  (GBN)  by  the  use  of 
the  three  equations  in  SECTION  3. 5. 9.1. 

3.  If  a  sample  was  analysed  as  a  volumetric  sample  of  surface 
and  subsurface  material,  it  was  first  converted  to  a  sieve 
analysis  of  material  greater  than  8  mm.  The  converted  analysis 
(S)  was  adjusted  to  gri d-by-number  (GBN)  by  using  the  three 
equations  in  SECTION  3. 5. 9. 2. 

Only  one  sample  was  used  per  site  when  estimating  the  value 
of  the  characteristic  sizes.  For  example,  only  one  of  the  three 
analysed  samples  in  SECTION  3. 5. 9.1  to  3. 5.9.3  was  used,  that  being 
the  grid-by-number  with  50  stones.  If  the  exact  locations  of  the 
samples  were  unknown,  it  was  assumed  that  the  samples  were  from 
different  sites. 

All  samples  of  the  obviously  finer  material  for  gravel  rivers 
were  rejected,  since  this  material  was  probably  deposited  during  the 
falling  limb  of  the  flood  hydrograph  and  was  not  associated  with  the 
general  "threshold"  condition. 

In  a  few  cases  the  reach  was  located  at  a  place  along  the  river 
where  the  material  was  mainly  sand  with  local  gravel.  The  gravel 
sizes  were  used  if  the  slope  was  predominantly  controlled  by  rapids 
at  the  local  gravel  deposits.,  If  the  energy  loss  was  quite  uniform 
for  a  case  of  sand  with  local  gravel,  the  sand  was  considered  to  be 
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the  representative  bed  material. 

If  a  sample  was  not  located  in  the  reach,  it  was  rejected  unless 
there  was  no  other  sample  available  or  unless  the  sample  was  located 
very  near  the  reach.  In  some  cases  a  sample  located  outside  the  reach 
was  considered,  but  given  a  smaller  weight  than  those  samples  located 
in  the  reach. 

When  all  of  the  acceptable  samples  for  a  particular  reach  were 
assembled,  an  average  estimate  of  the  characteristic  sizes  of  the 
bed  material  was  made.  The  basic  procedure  used  to  evaluate  the 
values  of  B90,  B65  and  B50  for  a  river  reach  was  as  follows: 

1.  Obtain  the  arithmetic  average  of  the  B90,  B65  and  B50  sizes 
for  all  samples  of  each  type  in  the  reach. 

2.  Adjust  the  average  values  obtained  in  1.  from  grid-by-number 
from  photograph  to  grid-by-number,  and  from  sieve  analysis 
to  grid-by-number  by  using  the  relations  of  SECTION  3.5.9. 

3.  Multiply  the  average  adjusted  sizes  by  the  number  of  sample 
sites  used  to  obtain  the  average  of  each  sample  type. 

4.  Add  all  weighted  averages  obtained  in  3  and  divide  by  the 
total  number  of  sample  sites  to  obtain  the  average  for  the 
reach. 

An  example  of  this  procedure  is  presented  in  TABLE  3.2.  In  this 
example,  samples  were  available  from  five  different  sites  in  the 
reach. 

The  detailed  computations  for  all  bed  material  data  used  in  this 
study  are  on  file  with  the  Highway  and  River  Engineering  Division, 
Research  Council  of  Alberta. 
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TABLE  3.2 

EXAMPLE  OF  PROCEDURE  USED  TO  OBTAIN  CHARACTERISTIC  BED  MATERIAL 
SIZES  FOR  A  REACH 


No.  of 

Character!' sti  c 

Sizes 

Sample  Type 

Si  tes 

B90 

B65 

B50 

Comment 

Gri d-by-number 

2 

210 

118 

82 

Site  1 

230 

126 

86 

Site  2 

220 

122 

84 

Average 

440 

244 

168 

Weighted* 

Gri  d-by-number 

2 

118 

52 

39 

Site  3 

from  Photograph 

126 

56 

41 

Site  4 

122 

54 

40 

Average 

166 

69 

50 

Adjusted 

332 

138 

100 

Weighted* 

Sieve  ( > 8  mm. ) 

1 

120 

84 

67 

Site  5 

126 

87 

73 

Adjusted 

126 

87 

73 

Wei ghted* 

Total  of  Weighted 
Values* 

5 

898 

469 

341 

Average  for  Reach 

180 

94 

68 

NOTE :  All  sample  types  are  equivalent.  No  conversion  is  required 
but  grid-by-number  from  photograph  and  sieve  (>8  mm.)  are 
adjusted  to  grid-by-number. 
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3.5.11  Qualification  of  Bed  Material  Data 

In  order  to  evaluate  the  quality  of  the  accepted  data,  the 
following  information  was  obtained  for  each  reach: 

1.  Number  of  sites  with  grid-by-number  analysis. 

2.  Number  of  sites  with  grid-by-number  from  photograph  analysis. 

3.  Number  of  sites  with  a  sieve  analysis  (for  gravel  rivers  based 

on  the  material  greater  than  8  mm.). 

4.  The  primary  source  of  data. 

5.  The  second  most  important  source  of  data  (if  applicable). 

6.  The  third  most  important  source  of  data  (if  applicable). 

7.  The  location  of  the  samples 

1 .  in  reach 

2.  mainly  in  reach 

3.  a  short  distance  from  reach 

4.  a  long  distance  from  reach 

8.  Type  of  channel  bed 

1.  sand 

2.  sand  with  local  gravel 

3.  gravel 

4.  gravel  with  local  sand 

5.  sand  and  gravel 

9.  Representativeness 

1.  not  representati ve 

2.  quite  representative  of  the  average  material  in  the  reach 

3.  quite  representative  of  the  obviously  coarser  material  in 
the  reach;  that  is,  local  lag  material,  etc. 

4.  quite  representative  of  the  obviously  finer  material  in  the 
reach;  that  is,  material  deposited  during  the  recession  of 
a  flood,  etc. 
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The  bed  material  data  may  now  be  screened  according  to  arbitrary 
criteria,  such  as  number  of  sites  used,  etc.  before  an  analysis  is 
carried  out. 

3.5.12  Summary 

This  section  has  presented  a  model  to  justify  the  use  of  the 
grid-by-number  procedure.  Weighting  factors  were  developed  to 
convert  the  results  of  one  sampling  procedure  to  another.  Comparisons 
of  grid-by-number  with  grid-by-number  from  photograph  and  sieve 
analysis  (  >  8  mm.)  were  made  to  obtain  appropriate  adjusting  factors. 

The  method  used  to  obtain  an  average  bed  material  size  for  a 
reach  has  been  outlined  and  a  code  for  the  quality  of  the  data  has 
been  developed. 

3.6  Geographical  and  Geomorphological  Data 

In  order  to  provide  a  means  of  classifying  the  different  types 
of  rivers,  a  geographical  and  geomorphological  description  of  each 
reach  was  carried  out.  This  classification  provided  alternatives 
for  stratifying  or  grouping  the  data  for  analysis.  For  example,  an 
analysis  could  be  carried  out  for  all  entrenched  gravel  rivers 
located  in  the  foothills  with  a  sinuosity  less  than  or  equal  to  1.3. 
The  coded  data  could  also  help  identify  the  reason  for  a  particular 
major  deviation  in  an  analysis. 

When  considering  the  general  types  of  codes  and  the  detailed 
coding,  some  guidance  was  obtained  from  the  work  of  Neill  (1964) 
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and  Galay  (1968).  The  standard  references  by  Leopold,  Wolman  and 
Miller  (1964)  and  Thornbury  (1954)  were  often  consulted  during  the 
evolution  of  the  coding  system. 

3.6.1  The  Approach  Used 

The  general  approach  was  to  use  a  coding  system  for  the  various 
aspects  of  the  reach  description.  The  quantitative  data  were  coded 
on  a  relative  or  an  absolute  scale.  Each  descriptive  code  was 
defined  in  such  a  manner  to  adequately  describe  the  particular  aspect 
under  consideration  with  a  minimum  number  of  choices.  Since  a  feature 
had  to  be  described  by  one  coded  number,  some  borderline  cases  were 
encountered  for  which  one  category  could  be  used  as  well  an  another. 

In  such  situations,  comments  were  made  to  qualify  a  choice  or  to  give 
additional  information. 

Multiple  codes  were  used  in  a  few  cases  to  provide  a  more  com¬ 
plete  description  of  the  aspect  being  considered.  When  multiple  codes 
were  used,  the  first  code  was  dominant  and  the  others  were  of 
decreasing  importance. 

The  development  of  the  coding  system  required  a  process  of  trial 
and  error  in  order  to  make  a  relatively  workable  and  consistent  set  of 
codes.  The  first  coding  scheme  was  based  on  an  evaluation  of  a  few 
river  reaches.  A  number  of  contradictions  and  limitations  became 
apparent  after  reviewing  the  results.  A  second  coding  scheme  was 
developed  and  used  to  code  all  of  the  river  reaches  utilized  in  the 
study.  After  reviewing  the  coding  for  all  of  the  reaches,  it  was  found 
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that  additional  codes  were  required.  Some  final  changes  were  made 
and  the  entire  coding  procedure  was  repeated  for  all  reaches. 

Each  reach  was  evaluated  by  considering  the  following  general 
topi cs : 

1.  Terrain  near  the  reach  but  not  in  the  valley 

2.  Valley  walls  and  terraces 

3.  Relation  of  channel  to  valley 

4.  Channel  plan  and  channel  activity 

5.  Channel  banks  and  bed 

This  evaluation  progressed  from  a  broad  view  of  the  reach  setting  to 
the  specific  evaluation  of  the  channel  banks  and  bed. 

Not  all  of  the  coded  data  were  actually  used  in  this  study  to 
classify  and  stratify  the  river  reaches.  All  data  are  provided, 
however,  to  permit  a  relatively  complete  description  of  the  river 
reaches . 

A  detailed  write-up  of  the  codes  and  coding  procedure  used  for 
the  geographical  description  is  given  in  APPENDIX  6.  An  example  of 
the  coding  used  for  a  specific  reach  is  given  in  APPENDIX  H. 

3.6.2  Source  of  Data  for  Geographic  Description 

The  major  features  related  to  the  reach  were  primarily  evaluated 
from  aerial  photographs  and  topographic  maps.  The  more  detailed 
evaluations  were  made  with  the  aid  of  field  notes,  field  photographs, 
bridge  plans,  etc. 
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An  attempt  was  made  to  ensure  that  the  data  used  in  the  geo¬ 
graphical  description  corresponded  to  similar  types  of  data  used  for 
other  purposes  in  the  study.  For  example,  the  valley  flat  identified 
in  the  section  related  to  the  channel  geometry  (SECTION  3.3)  was  the 
same  valley  flat  used  in  the  geographical  description. 

3.6.3  Summary 

A  relatively  complete,  workable  coding  system  was  developed  to 
describe  the  geographical  and  geomorphological  aspects  of  a  river 
reach.  All  river  reaches  used  in  the  study  were  coded  according 
to  the  codes  defined  in  APPENDIX  G.  The  coding  provided  the  possi¬ 
bility  of  stratifying  the  data  for  analysis  and  for  evaluating  the 
cause  of  major  deviations  in  derived  relations. 
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CHAPTER  4 


METHOD  OF  ANALYSIS 

This  chapter  indicates  how  the  basic  data  presented  in  CHAPTER  3 
were  incorporated  into  a  system  to  facilitate  the  analysis.  It  also 
presents  the  types  of  analyses  used  in  the  investigation. 

4. 1  River  Reaches  Used 

A  map  of  the  Province  of  Alberta  is  presented  in  FIGURE  4.1, 
which  shows  the  location  of  the  120  river  reaches  considered  for  the 
analysis.  Some  reaches  have  no  survey  data,  and  in  some  other  reaches 
the  hydrometric  station  was  not  active  at  the  time  of  the  survey. 

The  map  shows  that  the  majority  of  the  reaches  are  from  the  south¬ 
western  portion  of  the  province.  Most  stations  in  the  northern  part 
of  the  province  are  for  relatively  large  rivers. 

The  data  for  each  of  the  120  reaches  were  stored  in  a  total  of 
37  data  tables.  APPENDIX  I  includes  all  data  and  explanatory  notes  to 
define  various  codes  used  in  the  tables  and  to  provide  additional 
relevant  information.  Only  95  of  the  120  reaches  were  accepted  for 
this  investigation. 

4.2  Development  of  the  System  for  Analysis  and/or  Plotting 

In  order  to  make  a  general  analysis  of  the  tabulated  river  data, 
a  relatively  flexible  approach  was  used  to  manipulate  the  basic  data 
by  the  computer.  All  of  the  basic  data  were  stored  on  tape.  Each 
table  was  considered  independently  and  each  item  in  each  table  was 
assigned  a  word  number.  A  master  form  was  constructed  which  identified 
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FIGURE  4.1  LOCATION  OF  STUDY  REACHES 
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the  table  number  and  word  number  associated  with  each  variable.  For 
example,  the  code  number  for  the  representativeness  of  the  reaches 
was  word  number  2  in  data  table  22. 

A  program  written  by  Arora  (1971)  was  utilized  to  construct  a 
data  file  for  the  desired  variables  (defined  by  table  number  and  word 
number)  for  the  120  river  reaches. 

FIGURE  4.2  is  a  macro-flow  chart  showing  the  major  steps  for 
any  analysis.  The  following  sections  essentially  follow  the  macro¬ 
flow  chart. 

First,  the  data  placed  in  the  river  data  file  from  the  master 
tape  are  read  into  a  matrix,  ARRAY,  in  core.  The  size  of  ARRAY  was 
120  (rows-reaches )  by  80  (col umns-elements ) .  Next,  the  names  of  the 
variable  associated  with  each  element  number  are  read  in.  A  general 
screening  follows  to  exclude  all  reaches  not  meeting  specified 
screening  criteria.  After  the  general  screening,  the  element  numbers 
for  the  desired  discharge  and  the  corresponding  average  cross-sectional 
area  and  average  water  surface  width  are  read  in.  Based  on  these 
properties  three  working  vectors  (DM,  VM,  THRES)  are  formed.  The 
remaining  working  vectors  (S,  SCOR,  VISK,  DG90,  DG65,  DG50)  are  then 
formed.  After  all  the  working  vectors  are  established,  further 
screening  may  be  carried  out.  Next  the  analysis  and/or  plotting  are 
carried  out  for  the  specified  discharge  for  all  reaches  satisfying 
the  screening  criteria.  Any  number  of  specific  analyses  and/or  plots 
may  then  be  executed.  The  different  types  of  analyses  available  are 
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E.g.  Element  V  is  the  code  for 
representativeness  ( I  REP ) . 
Actually  stored  in  Basic 
Data  Tables  (APPENDIX  I)  as 
word  #2  i n  Data  Table  #22. 


(See  Section  4.3) 


f  Q  is  one  of  12  characteristic 
(  discharges.  (See  Section  4.4) 


Working  vectors  contain  the  following 
most  frequently  used  variables: 


DM 

=  AM/WSM 

VM 

=  Q/AM 

VISK 

=  Kinematic  viscosity, 

determined  from  terrain 

at  reach 

THRES 

=  Threshold  condition, 

determined  from  COOPER  (1970) 

SCOR 

=  Slope  correction,  determined 

from  island  type  and  sinuosity 


(See  Section  4.5) 


Optional  segment  may  be  inserted 
in  main  program  to  Carry  out 
additional  computed  screening. 
(See  Section  4.3) 


{ 


(See  Section  4.3) 


Segments  inserted  into  the  main 
program  for  analysis  and/or 
plotting.  Over  200  segments 
available.  (See  Section  4.6) 


NOTES: 

1.  All  abbreviations  defined  in  List  of  Symbols. 

2.  A  more  detailed  description  of  the  operation 

of  the  program  is  given  in  the  listings 
and  examples  found  in  APPENDIX  J. 


FIGURE  4.2  MACRO-FLOW  CHART  FOR  ANALYSIS 
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presented  in  SECTION  4.6.  When  all  analyses  and  plots  are  executed 
for  a  given  set  of  conditions,  a  control  is  met  which  determines 
whether: 

1.  A  new  general  screening;  that  is,  a  new  problem  follows,  or 

2.  A  new  discharge  and  associated  average  area  and  average  width 
follow,  or 

3.  A  new  screening  for  the  current  discharge  follows,  or 

4.  All  execution  stops. 

4.3  Screening  of  the  Data 

The  screening  of  the  data  provides  a  method  of  stratifying  the 
data  according  to  predetermined  criteria.  As  shown  in  FIGURE  4.2, 
the  screening  was  carried  out  on  the  following  levels: 

1.  General  screening 

2.  Additional  computed  screening  after  the  working  vectors  were 
formed 

3.  Screening  after  the  desired  discharge  was  read  in  and  the 
working  vectors  were  formed 

In  cases  1  and  3  the  controls  for  the  various  screenings  are  the  same. 
In  the  case  of  the  additional  computed  screening,  the  test  vector, 

T,  was  set  to  -1  by  a  program  segment  inserted  into  the  main  program. 

A  detailed  example  of  this  option  is  given  in  APPENDIX  J. 

The  following  description  applies  to  cases  1  and  3  given  in  the 
above  list  of  available  screenings.  Each  screening  is  carried  out 
by  considering  upper  and  lower  limits  for  one  to  three  of  the  80 
variables  in  ARRAY.  Eight  types  of  screening  are  presented  in 
TABLE  4.1.  Using  these  controls,  it  is  possible  to  carry  out  almost 
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TABLE  4.1 


CONTROLS  FOR  SCREENING  OF  DATA  FOR 


ELEMENTS  IN  THE  MATRIX  "ARRAY1 


Screeni ng 
Code 

1st  Element 

Tested  LB1  UB1 

2nd  Element 

Tested  LB2  UB2 

3rd  Element 

Tested  LB3  UB3 

1 

Accept  if  the  value  of  the 
first  element  is  within 
limits  LB1  and  UB1 

2 

Accept  if  the  value  of  the  first  element  is  within  limits 
LB1  and  U61  and  the  value  of  the  second  element  is 
within  limits  LB2  and  UB2 

3 

Accept  if  the  value  of  the  first  element  is  within  limits  LB1  and  UB1  and  the  value 
of  the  second  element  is  within  limits  LB2  and  UB2  and  the  value  of  the  third 
element  is  within  limits  LB3  and  UB3 

4 

Accept  if  the  value  of  the  first  element  pi  us  the  value 
of  the  second  element  is  within  limits  LB1  and  UB1 

5 

Accept  if  the  value  of  the  first  element  plus  the  value  of  the  second  element  plus 
the  value  of  the  third  element  is  within  the  limits  LB1  and  UB1 

6 

Reject  if  the  value  of  the 
first  element  is  within 
limits  LB1  and  UB1 

7 

Reject  if  the  value  of  the  first  element  is  within  limits 
LB1  and  UB1  and  the  value  of  the  second  element  is  within 
limits  LB2  an3~ UB2 

8 

Reject  if  the  value  of  the  first  element  is  within  limits  LEI  and  UB1  and  the  value 
of  the  second  element  is  within  limits  LB2  and  UB2  and  the  value  of  the  third 
element  is  within  limits  LB3  and  UB3 

NOTES: 

1.  Within  limits  LB1  and  UB1 ,  etc.  includes  LB1  and  UB1. 

2.  The  use  of  the  term  first  element  does  not  mean  element  1  in  ARRAY  but  is  the  first  element 
number  from  ARRAY  to  be  tested  for  any  one  screen. 

3.  The  required  formats  for  the  above  controls  are  given  in  the  listing  of  the  program  with  an 
example  of  data  and  control  cards  in  APPENDIX  J. 
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any  desired  screening  of  the  data.  There  is  no  limit  to  the  number 
of  such  screens  that  may  be  applied  to  any  one  run.  As  an  example, 
it  may  be  desired  to  accept  reaches  which  are  representative 
(representativeness  code  =  1)  and  quite  representative  (represen¬ 
tativeness  code  =  2).  The  representativeness  codes  are  stored  in 
Element  7  of  ARRAY.  In  this  case  the  screening  control  would  be  as 
follows : 

Screen  Type  Element  Lower  Bound  Upper  Bound 

1  7  0.99  2.01 


The  following  six  main  screenings  were  used  in  the  analysis: 

1.  All 

-  Accept  if  representative,  or  quite  representati ve 

2.  Sand-1 

-  Accept  if  representative,  or  quite  representative 

-  Accept  if  bed  material  is  sand,  or  sand  with  local  gravel 

3.  Sand-2 

-  Accept  if  representative,  or  quite  representati ve 

-  Accept  if  bed  material  is  sand 

4.  Gravel-1  (minimum  screen) 

-  Accept  if  representative,  or  quite  representative 

-  Accept  if  bed  material  is  gravel 

5.  Gravel-2  (moderate  screen) 

-  Screening  for  Gravel-1,  plus, 

-  Accept  if  the  rating  curve  is  stable,  slightly  unstable, 

or  moderately  unstable 

-  Accept  if  the  hydrometric  station  was  operational  at  the 

time  of  survey 

-  Accept  if  bed  material  samples  are  representative 

-  Accept  if  median  bed  material  size  for  the  reach  is  within 

the  bounds  of  8  mm.  to  152.2  mm.  (that  is  a  "phi"  range 
of  3  to  7.25) 
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6.  Gravel-3  (severe  screen) 

-  Screening  for  Gravel  2,  plus, 

-  Accept  if  the  relative  deviation  of  the  water  surface 

profile  is  less  than  33.33% 

-  Accept  if  the  channel  is  laterally  stable,  slightly 

unstable,  or  moderately  unstable 

-  Accept  if  the  number  of  bed  material  sites  used  to  obtain 

the  characterise c  bed  material  sizes  is  greater  than,  or 
equal  to,  3 

-  Accept  if  the  bed  material  samples  are  from  the  reach,  or 

mainly  from  the  reach 


The  Gravel -2  screening  allowed  some  control  over  the  definition 
of  the  channel  properties  by  rejecting  reaches  with  unstable  rating 
curves,  anchor  with  hydrometric  stations  which  were  inoperative  at  the 
time  of  the  survey.  Limited  screening  of  the  bed  material  was  carried 
out. 


For  the  Gravel -3  screening,  more  severe  criteria  had  to  be  met. 
Only  reaches  with  surveyed  slopes  having  a  relative  deviation  less 
than  33%  were  accepted.  The  screening  for  the  bed  material  data  was 
more  restrictive. 


In  a  few  cases,  additional  screenings  were  used  to  investigate 
the  effect  of  a  particular  variable  or  condition  on  the  functional 
form  of  an  equation.  Since  the  main  emphasis  of  the  study  is  related 
to  gravel  rivers,  the  gravel  screenings  were  used  most  often,  the 
Gravel -1  screening  being  the  most  common. 

4.4  Selection  of  a  Discharge  for  an  Analysis 

Twelve  discharges  were  available  for  analysis.  Once  a  discharge 
is  specified,  various  hydraulic  properties  may  be  computed. 
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The  discharges  used  in  this  investigation  along  with  the  assigned 
symbols  are  given  in  TABLE  4.2 

4.5  Forming  the  Working  Vectors 

When  a  discharge  and  corresponding  average  cross-sectional  area, 
and  average  water  surface  width  were  accepted  for  an  analysis,  some 
simple  hydraulic  parameters  were  computed  based  on  the  average 
properties  for  the  reach.  The  basic  definition  of  these  parameters 
are  given  as  follows: 

DM  =  AM/WSM  EQUATION  4.1 

VM  =  Q/AM  EQUATION  4.2 

where:  DM  =  mean  depth  for  the  reach  in  ft. 

o 

AM  =  mean  cross-sectional  area  for  reach  in  ft. 

WSM  =  mean  water  surface  width  for  reach  in  ft. 

Q  =  discharge  in  ft.3/sec.  for  which  DM,  AM,  WSM  and  VM 
correspond 

The  average  water  surface  width  was  accepted  as  a  measure  of 
the  width,  since  it  is  easily  obtained  from  the  cross-sectional  data 
and  it  resulted  in  a  definition  of  the  mean  depth  which  is  close  to 
that  of  the  hydraulic  radius.  The  difference  between  the  two  was 
usually  never  more  than  ten  percent,  even  for  stages  corresponding 
to  the  elevation  of  the  valley  flat.  (See  examples  of  reach  analysis 
in  APPENDICES  B  and  H.) 

The  slope,  S,  in  ft. /ft.  was  the  field  slope  unless  no  field 
measurements  were  available,  in  which  case  the  topographic  slope  was 
used.  About  90  percent  of  the  reaches  used  in  the  analysis  had  field 


. 
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surveyed  slopes. 

Three  character!' sti c  bed  material  sizes  in  millimeters  were 
placed  in  the  working  vectors.  These  sizes  were  converted  to  feet 
for  all  analyses  and  were  designated  as  DG90,  DG65,  and  DG50. 

An  estimate  of  the  kinematic  viscosity,  ij  ,  (or  VISK),  in  ft.  / 
sec.  was  made  by  referring  to  some  measured  water  temperatures  of 
Alberta  Rivers  published  by  the  Water  Survey  of  Canada  (1970).  In 
a  rather  general  way,  the  average  temperature,  and  therefore  the 
approximate  kinematic  viscosity,  could  be  assigned  to  the  terrain  type 
for  the  reach  in  the  following  manner: 


Approximate 

Ki  nemati  c 

Terrain  at  reach 

Water  Temperature 

Vi scosi ty 

°F 

ft. 2/sec. 

Mountai ns 

40 

0.0000166 

Foothills,  uplands 

45 

0.0000154 

Hills,  plains,  and  lowlands 

50 

0.0000141 

The  average  water  temperature  normally  occurred  during  the  period 
of  the  year  with  the  higher  discharges;  that  is,  those  discharges  of 
primary  interest  in  this  investigation. 

Next  a  very  tentative  evaluation  of  the  threshold  parameter, 
THRES,  at  each  reach  was  stored  in  a  working  vector.  The  definition 
used  was : 

THRES  =  VM/VMCRIT  EQUATION  4.3 

where:  VM  =  the  mean  velocity  for  the  reach  in  ft. /sec. 

VMCRIT  =  the  critical  mean  velocity  for  the  threshold  condition 
in  ft. /sec. 


- 
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The  value  of  VMCRIT  was  estimated  from  the  work  of  Cooper  (1970)  by 
utilizing  the  plot  shown  in  FIGURE  4.3  for  charge  approaching  zero 
(Ctb  equal  0.1  ppht  or  1  ppm).  Using  this  plot,  values  of  VMCRIT 
could  be  evaluated  for  relative  depths,  DM/DG50,  ranging  from  4  to 
3000.  The  criteria  for  initiation  of  motion  given  by  Neill  (1968) 
for  relative  depths  ranging  from  2  to  100  is  almost  identical  to  that 
obtained  from  the  Cooper  plot  for  the  same  range  of  relative  depths. 
The  value  of  VMCRIT  was  based  on  the  results  of  flume  tests  for 
relatively  uniform  materials  and  cross-sections.  Therefore  the 
extension  of  such  a  criterion  to  natural  channels  is  questionable; 
however,  the  value  of  THRES  should  provide  an  index  for  evaluating  the 
relative  mobility  of  the  bed  material  for  various  reaches.  The 
expressions  used  to  compute  critical  mean  velocity  were: 

1.  For  relative  depths,  DM/DG50,  GE.  4  and  LT.  150 

VMCRIT  =  12.1-DM0, l33-DG500,367  EQUATION  4.4 

2.  For  relative  depths,  DM/DG50  GE.  150  and  LT.  1000 

VMCRIT  =  3.87*  DM0 *  304 • DG500 *  1 96  EQUATION  4.5 

3.  Relative  depths,  DM/DG50  GE.  1000  and  LT.  3000 

VMCRIT  =  2.37-DM0,377*DG50°* 123  EQUATION  4.6 

The  last  variable  in  the  working  vectors  was  a  parameter  used 
to  roughly  evaluate  a  slope  correction  factor,  SC0R.  The  main  reason 
for  including  this  parameter  was  to  test  a  suggestion  by  Blench 
(1969a)  that  slopes  for  natural  channels  which  are  not  straight  are 
greater  than  those  for  equivalent  straight  regime  channels.  The 
only  rationale  used  to  determine  SC0R  was  the  following  rough  guide¬ 
lines  given  by  Blench: 
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TABLE  4.2 

SYMBOLS  AND  DESCRIPTIONS  FOR  THE  12  CHARACTERISTIC  DISCHARGES  USED 
IN  THE  ANALYSIS 


Symbol s 

Description  of  discharge 

LTM 

Long-term  mean  discharge  based  on  the  full  year 
records 

1.5  YF 

Discharge  correspondi ng  to  the  1.5  year  flood 

2  YF 

Discharge  corresponding  to  the  2  year  flood 

5  YF 

Discharge  correspondi ng  to  the  5  year  flood 

10  YF 

Discharge  corresponding  to  the  10  year  flood 

0.5%  FD 

Discharge  exceeded  0.5  percent  of  the  time  based  on 
the  April  -  October  record 

1%  FD 

Discharge  exceeded  1%  of  the  time  based  on  the 

April  -  October  record 

5%  FD 

Discharge  exceeded  5%  of  the  time  based  on  the 

April  -  October  record 

10%  FD 

Discharge  exceeded  10%  of  the  time  based  on  the 

April  -  October  record 

LLB 

Discharge  correspondi ng  to  the  average  elevation 
of  the  low  level  bench  and/or  the  trim  line 

VF 

Discharge  corresponding  to  the  average  elevation 
of  the  valley  flat 

VF  <  20  YF 

Discharge  correspondi ng  to  the  average  elevation 
of  the  valley  flat,  i_f  the  return  period  for  the 
discharge  is  less  than  or  equal  (LE.)  to  the  20 
year  flood 

NOTE:  The  flow  duration  data  (FD)  are  based  on  the  discharges  from 
the  April  to  October  record,  but  the  time  base  used  is  the 
entire  year. 


r 

NOTE :  Cth  is  the  charge  (concentration  of  bed  material  load) 
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FIGURE  4.3  RELATION  BETWEEN  P Vz/  7  H  VERSUS  RELATIVE  DEPTH  BASED  ON  GENERALIZED 
ANALYSIS  OF  FLUME  DATA  [AFTER  COOPER  (1970)] 
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Description  of  Channel 

River  looks  straight  on  an  aerial  photograph 

Conspicuous  wel 1 -developed  meandering  without 
brai di ng 

For  braiding  (or  split) 

For  extreme  braiding 


Slope  Correction 

1.25 

2.0 


3.0 

4.0 


Using  the  island  code  and  the  sinuosity  for  each  reach,  an  estimate 
of  SCOR  was  made  in  the  following  manner: 

1.  For  cases  with  no  islands  or  occasional  islands  (greater 
than  10  channel  widths  apart) 

SCOR  =  1.00* (0.25  +  SINUOSITY)  EQUATION  4.7 

2.  For  cases  with  frequent  islands  (less  than  10  channel  widths 
apart) 

SCOR  =  1.20- (0.25  +  SINUOSITY)  EQUATION  4.8 

3.  For  cases  with  a  split  channel 

SCOR  =  2.0- (0.25  +  SINUOSITY)  EQUATION  4.9 

4.  For  cases  with  a  braided  channel 

SCOR  =  2.8- (0.25  +  SINUOSITY)  EQUATION  4.10 


In  the  above  evaluation  of  SCOR,  the  sinuosity  was  often 
difficult  to  determine  with  reference  to  the  reach.  That  is,  the 
sinuosity,  defined  as  river  length  to  valley  axis  length,  was  usually 
computed  over  a  length  of  the  river  in  excess  of  the  study  reach. 
Notwithstanding,  the  estimate  of  SCOR  was  as  good  as  that  which  could 
be  determined  by  using  the  guidelines  given  by  Blench. 


With  the  values  of  Q,  AM,  WSM,  DM,  VM,  S,  DG90,  DG65,  DG50,  VISK, 


THRES,  and  SCOR  in  the  working  vectors  for  all  the  reaches,  most 
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hydraulic  computations  could  be  readily  carried  out  by  using  these 
prepared  data. 

4.6  The  Analysis  and/or  Plotting 

After  the  general  screening,  the  preparation  of  the  working 
vectors,  and  the  final  detailed  screening  (if  desired),  control  passes 
to  various  segments  of  the  main  program  that  carry  out  the  detailed 
analysis  and/or  plotting. 

Each  program  segment  used  for  analysis  and/or  plotting  is  a  unit 
in  itself  in  that  it  may  be  added  or  deleted  from  the  main  program 
without  affecting  other  parts  of  the  program.  An  individual  program 
segment  provides  for  one  specific  analysis  or  one  specific  plot.  Each 
program  segment  consists  of  approximately  15  cards  which  tests  to 
ensure  that: 

1.  The  screening  criteria  were  satisfied;  that  is,  the  value  of 
the  test  vector,  T,  was  not  -1. 

2.  The  values  to  be  used  in  the  computations  were  not  zero  or 
less  than  or  equal  to  zero  if  logarithms  were  to  be  used. 

3.  The  desired  computations  were  carried  out. 

4.  The  appropriate  subroutines  were  called. 

Any  number  of  individual  segments  may  be  inserted  into  the  main 
program.  About  200  segments  are  now  available  to  carry  out  various 
analyses  and  plots.  A  new  segment  for  a  special  requirement  may  be 
prepared  in  15  -  30  minutes. 


The  types  of  analysis  used  in  this  investigation  are  as  follows: 
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1.  Determination  of  the  variability  of  a  single  variable  for  an 
equation  of  the  form: 

Y  =  a*Xb  EQUATION  4.11 

where  b  is  fixed  or  where  Xb  is  equal  to  1.0,  etc. 

For  this  case  the  results  include: 

1.  the  mean  value  of  the  coefficient  "a" 

2.  the  95%  confidence  limits  for  the  mean  assuming  a 
normal  distribution 

3.  the  coefficient  of  variation 

4.  the  minimum,  median  and  maximum  values  in  the 
distri bution 

5.  the  sample  size 

6.  the  data  for  the  histogram 

2.  Determination  of  the  best  fit  line  for  the  simple  linear 
regression  equation  of  the  form: 

Y  =  a  +  b  •  X  EQUATION  4.12 

In  this  case  the  results  include: 

1.  the  best  fit  values  of  a  and  b 

2.  the  95%  confidence  limits  for  a  and  b 

3.  the  correlation  coefficient,  r,  the  95%  confidence 
limits  for  r,  and  the  value  of  the  coefficient  of 
determi nation 

4.  the  standard  error  of  estimate  of  Y 

5.  the  value  of  the  F-ratio  from  the  analysis  of  variance 

6.  the  sample  size 

3.  Determination  of  the  best  fit  line  for  a  multiple  linear 
regression  equation  of  the  form: 

Y  =  a  +  b  -X]  +  c-X2  +  d-X3 


EQUATION  4.13 
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This  option  was  only  used  when  two  or  three  independent  variables 
were  involved  in  an  analysis.  The  results  were  those  given  by  the 
standard  output  from  the  IBM  SSP  Library  (1968)  and  included: 

1.  the  best  fit  values  of  the  constant,  a,  and  the  coefficients 
b,  c,  and  d 

2.  the  value  of  R,  the  multiple  correlation  coefficient 

3.  the  standard  error  of  estimate  of  Y 

4.  the  values  of  the  simple  correlation  coefficient,  r,  between 
the  dependent  variable  and  each  of  the  independent  variables 

5.  the  computed  value  of  "t"  for  the  coefficients,  b,  c,  d 

6.  the  value  of  the  F-ratio  from  the  analysis  of  variance 

7.  the  sample  size 

In  most  cases  the  analysis  for  the  simple  linear  regression  and 
multiple  linear  regression  were  carried  out  by  transforming  the  basic 
data  to  logarithms  to  the  base  10.  The  equation  for  the  best  fit 
lines  when  using  the  untransformed  data  were  of  the  following  exponential 
form: 

1.  For  linear  regression 


EQUATION  4.14 


2.  For  multiple  linear  regression 


Y  =  a-X1b-X2c'X3d 


EQUATION  4.15 


The  standard  error  of  estimate  (S.E.)  in  such  cases  was  expressed 
in  log  units,  where  one  log  unit  may  be  easily  visualized  as  one  log 
cycle  when  the  data  are  plotted  on  log-log  paper. 


The  plotting  was  carried  out  primarily  by  means  of  a  subroutine, 
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GPLIB ,  written  by  Cooper  and  Howells  (1969).  This  subroutine 
provided  for  the  options  of  using  arithmetic,  logarithmic,  or  normal 
probability  scales.  A  total  of  13  symbols  was  available  for  plotting 
and  a  third  parameter  could  be  printed  by  a  plotted  point  if  desired. 
Each  program  segment  for  plotting  provided  the  controls  for  the  scaling 
of  the  plots  and  the  names  of  the  axis  to  be  plotted,  in  addition  to 
those  aspects  presented  in  SECTION  4.6.1. 

At  the  present  time,  the  desired  segments  for  analysis  or 
plotting  must  be  physically  inserted  in  the  main  program.  With  some 
further  work,  all  program  segments  could  be  stored  in  some  manner,  so 
that  they  could  be  called  into  core  by  a  single  control  card. 

A  complete  list  of  the  presently  available  segments  for  analysis 
and  plotting  are  presented  in  APPENDIX  K.  An  example  of  a  listing 
of  the  main  program  including  a  segment  for  each  of  the  three  types 
of  analysis  and  a  segment  for  a  plot  is  presented  in  APPENDIX  J.  An 
example  of  the  results  for  a  Gravel -1  screening  for  a  discharge 
corresponding  to  the  2  year  flood  are  also  illustrated  for  the  above 
example  segments.  This  same  appendix  shows  how: 

1.  A  value  in  ARRAY  may  be  changed  without  reconstruct!' ng  the 
basic  data  file. 

2.  An  additional  computed  screening  may  be  accomplished. 

3.  The  necessary  control  cards  are  arranged  for  an  analysis  using 
Gravel-1,  Gravel-2  and  Gravel-3  screenings  for  discharges 
corresponding  to  the  2  year  flood,  the  low  level  bench,  the 
valley  flat,  and  the  valley  flat  for  return  periods  less  than 
or  equal  to  20  years. 
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4.7  Rejection  of  Data 

The  data  were  closely  checked  to  ensure  that  no  major  errors  were 
introduced  into  the  study.  For  example,  the  discharges  corresponding 
to  the  2  year  flood  were  plotted  against  the  discharges  which  were 
exceeded  1  percent  of  the  time.  Two  outlying  points  were  found, 
which  proved  to  be  a  punching  error.  Computations  of  mean  depth  and 
mean  velocity  were  made.  Cases  were  checked  if  the  mean  velocity  or 
mean  depth  decreased  with  increasing  discharge.  In  one  or  two 
cases,  the  data  were  in  error  and  in  a  couple  of  cases,  the  survey 
was  considered  to  be  questionable. 

Finally,  outlying  points  were  identified  by  considering  the 
histogram  resulting  from  the  distribution  of  a  sensitive  coefficient. 

The  distribution  of  the  coefficient  "a"  in  the  following  equations 
were  satisfactory  for  this  purpose: 

VM^/WSM  =  a  EQUATION  4.16 

WSM  =  a-Q-S1 ‘ 1 67/DG50 1 ,b0  EQUATION  4.17 

EQUATION  4.16  is  the  Blench  (1941)  side  factor,  and  EQUATION  4.17 
is  a  form  of  the  width  equation  given  by  Henderson  (1966)  for  wide 
gravel  rivers.  The  outlying  points  were  evaluated  by  considering  the 
original  survey  data.  If  no  obvious  error  could  be  found  in  the 
survey  data,  the  questionable  reach  was  accepted  with  some  qualification. 
However,  if  the  survey  or  hydrology  were  questionable,  the  particular 
reach  was  rejected.  In  a  few  cases,  surveyed  reaches  were  rejected 
if  the  character  of  the  reach  varied  significantly  within  the  reach. 

The  representati veness  code  was  the  primary  code  to  determine  the 
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acceptability  of  a  reach.  Reaches  which  were  questionable  were 
rejected  from  all  analysis  in  this  investigation. 

TABLE  4.3  presents  the  total  number  of  reaches  for  the  six 
screenings  given  in  SECTION  4.3  and  for  the  12  characteristic  dis¬ 
charges  accepted  for  this  investigation.  The  reach  numbers  satisfying 
the  six  main  screenings  are  presented  in  TABLE  4.4  for  the  discharge 
corresponding  to  the  2  year  flood,  and  in  TABLE  4.5  for  the  discharge 
correspond!' ng  to  the  elevation  of  the  valley  flat. 

4.8  Summary 

This  chapter  has  outlined  the  method  adopted  to  make  the  basic 
data  accessible  for  an  analysis,  the  method  used  for  an  analysis  and 
the  types  of  analysis  that  were  available.  The  method  of  computing 
commonly  utilized  parameters  was  also  given.  Finally  the  reach  numbers 
actually  used  for  analysis  were  presented.  The  following  chapter 
discusses  the  results  obtained  from  the  many  analyses  carried  out 
using  the  basic  data  of  CHAPTER  3  and  the  method  of  analysis  outlined 
in  this  chapter. 
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TABLE  4.3 

NUMBER  OF  REACHES  FOR  12  CHARACTERISTIC  DISCHARGES  WHICH  SATISFY 
THE  SIX  MAIN  SCREENINGS 


Q 

All 

Sand-1 

Sand-2 

Gravel -1 

Gravel -2 

Gravel-3 

LTM 

95 

18 

10 

71 

47 

30 

1.5  YF 

95 

18 

10 

71 

47 

30 

2  YF 

93 

17 

9 

70 

46 

29 

5  YF 

83 

13 

7 

64 

42 

25 

10  YF 

62 

8 

5 

48 

32 

17 

0.5%  FD 

84 

13 

7 

65 

41 

25 

1%  FD 

86 

13 

7 

67 

43 

27 

5%  FD 

95 

18 

10 

71 

47 

30 

10%  FD 

95 

18 

10 

71 

47 

30 

LLB 

55 

8 

6 

45 

30 

18 

VF 

62 

17 

9 

41 

30 

22 

V F  <20  YF 

34 

11 

6 

22 

15 

12 
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TABLE  4.4 

REACH  NUMBERS  SATISFYING  THE  SIX  MAIN  SCREENINGS  FOR  THE  DISCHARGE 
CORRESPONDING  TO  THE  2  YEAR  FLOOD 


Screeni ng 

All 

Total 

number  of 

reaches:  93 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  12 

13 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

28  29 

30 

31 

32 

35 

36 

37 

38 

40 

41 

42 

44 

48 

49 

50  51 

52 

53 

54 

56 

57 

58 

60 

62 

63 

64 

65 

66 

67 

71  73 

74 

77 

78 

79 

81 

83 

84 

85 

85 

87 

88 

89 

90 

91  92 

93 

95 

96 

97 

98 

100 

101 

103 

104 

106 

107 

108 

109 

110  112 

113 

115 

116 

117  119 

120 

Screening 

All 

-reaches 

with  no 

surveyed  slope 

Total  Number:  10 

4 

8 

9 

23 

35 

36 

38 

90 

110 

112 

Screening 

All 

-reaches 

with  no 

bed  material 

data 

Total  Number:  9 

4 

5 

11 

15 

16 

31 

44 

58 

120 

Screeni ng 

Sand-1 

Total 

number  of 

reaches:  17 

5 

6 

7 

16 

17 

23 

25 

28 

29 

30 

31  32 

51 

54 

60 

117 

120 

Screeni ng 

Sand-2 

Total 

number  of 

reaches:  9 

6 

7 

17 

28 

29 

30 

31 

60 

117 

Screeni  ng 

:  Gravel-1 

Total 

number  of 

reaches:  70 

1 

2 

3 

4 

8 

9 

10 

11 

12 

13 

18  19 

20 

21 

22 

24 

26 

35 

36 

37 

40 

41 

42 

44 

48 

49  50 

52 

53 

56 

57 

62 

63 

64 

65 

66 

67 

71 

73 

74 

77  78 

79 

81 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

95  96 

97 

100 

101 

103 

104 

106 

107 

108 

109 

110 

113 

115 

116 

Screeni ng 

:  Gravel-2 

Total 

number  of 

reaches :  46 

1 

2 

3 

8 

9 

10 

13 

18 

20 

21 

22  24 

26 

35 

36 

37 

40 

41 

42 

48 

49 

50 

52 

53 

57 

64  77 

79 

81 

85 

87 

89 

90 

92 

96 

97 

100 

101 

103 

104 

107  108 

no 

113 

115 

116 

Screeni ng 

:  Gravel-3 

Total 

number  of 

reaches:  29 

1 

18 

20 

21 

22 

24 

26 

37 

40 

41 

42  49 

50 

52 

53 

57 

64 

79 

85 

89 

92 

96 

97 

100 

101 

104  108 

113 

116 

i 

NOTE:  The  reach  numbers  for  the  2  year  flood  are  the  same  as  those  for  the  LTM,  1.5  YF ,  5%  FD 
and  1  OF'  FD  except  for  reach  numbers  45  (sand)  and  94  (gravel).  The  discharge  at  the 
valley  flat  for  these  tv/o  reaches  has  a  return  period  between  1.5  and  2.0  years. 
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TABLE  4.5 

REACH  NUMBERS  SATISFYING  THE  SIX  MAIN  SCREENINGS  FOR  THE  DISCHARGE 
CORRESPONDING  TO  THE  VALLEY  FLAT 


Screening:  All 

Total 

number 

of 

reaches : 

62 

1  2 

3 

4 

5 

7 

8 

10  11 

12 

15 

16 

17 

18 

19 

20  21 

22 

23 

25 

26 

28 

29  30 

31 

32 

36 

37 

40 

41 

42  45 

50 

51 

52 

53 

54 

57  58 

60 

64 

65 

67 

83 

87 

88  90 

119  120 

92 

93 

94 

95 

97 

98  101 

106 

108 

110 

113 

116 

117 

Screening:  Sane 

-1 

Total 

number 

of 

reaches : 

17 

5  7 

117  120 

16 

17 

23 

25 

28 

20  30 

31 

32 

45 

51 

54 

60 

v_  i  JUIIU 

-2 

Total 

number 

of 

rea 

chcs : 

9 

7  17 

28 

29 

30 

31 

45 

60  117 

Screening:  Gravel -1 

Total 

number 

of 

reaches : 

41 

1  2 

3 

4 

8 

10 

11 

12  18 

19 

20 

21 

22 

26 

36 

37  40 

41 

42 

50 

52 

53 

57  64 

65 

67 

83 

87 

88 

90 

92  93 

94 

95 

97 

101 

106 

108  110 

113 

116 

Screening:  Gravel -2 

Total 

number 

of 

rea 

ches : 

30 

1  2 

3 

8 

10 

18 

20 

21  22 

25 

36 

37 

40 

41 

42 

50  52 

53 

57 

6d 

8  7 

90 

92  94 

97 

101 

108 

no 

113 

116 

Screening:  Gravel -3 

Total 

number 

of 

reaches : 

22 

1  18 

20 

21 

22 

26 

37 

40  41 

42 

50 

52 

53 

57 

64 

92  94 

97 

101 

108 

113 

116 

# 

CHAPTER  5 


DISCUSSION  OF  THE  RESULTS  OF  THE  ANALYSIS 

5.1  Introduction 

With  the  available  data,  the  extent  of  the  analysis  is 
almost  unlimited.  To  make  the  investigation  of  reasonable  scope,  only 
the  more  important  aspects  of  the  overall  problem  of  river  reqime 
have  been  studied.  Further  detailed  studies  may  be  carried  out  using 
the  methods  of  this  investigation  as  a  basic  framework. 

This  chapter  is  arranged  in  the  following  manner.  Three 
methods  of  determining  a  dominant  discharge  are  presented.  Usinq  the 
data  from  Alberta  gravel  rivers  for  the  adopted  dominant  discharges, 
equations  proposed  by  Lacey,  Blench,  Henderson,  and  Kellerhals  are 
tested;  various  equations  for  directly  predicting  width,  area,  depth, 
form  factor,  mean  velocity,  slope  and  the  Manning  "n"  are  developed; 
dimensionless  expressions  related  to  river  regime  are  developed  and 
evaluated;  and  several  sets  of  regime  type  equations  are  developed. 

All  tables  containing  detailed  statistical  results  are 
presented  in  APPENDIX  L.  The  analysis  is  generalized  in  the  sense 
that  no  detailed  discussion  is  presented  for  the  outlying  points.  A 
few  reach  numbers  are  given  on  most  figures  to  identify  the  obvious 
outl iers . 
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5.2  Determination  of  a  Dominant  Discharge 

The  term  dominant  discharge  is  used  in  this  study  to  mean  a 
discharge  which,  when  flowing  steadily,  would  maintain  a  channel  of 
dimensions  similar  to  the  present  stable  channel. 

5.2.1  Discharge  at  Bankfull 

Inglis  (1941)  considered  the  dominant  discharge  to  occur 
at  or  near  bankfull  conditions.  Leopold  and  Wolman  (1957)  and  Dury 
(1961)  consider  that  a  discharge  corresponding  to  a  return  period  of 
about  1.5  years  is  closely  associated  with  a  bankful  or  dominant 
discharge.  Nixon  (1959)  has  indicated  that  the  discharge  which  is 
exceeded  0.6  percent  of  the  time  is  associated  with  the  bankful  or 
dominant  discharge. 

For  this  investigation  two  geomorphical ly  defined  bankfull 
discharges  were  considered: 

1.  The  discharge  associated  with  the  low  level  bench  and/or 
trim  line,  and 

2.  The  discharge  associated  with  the  valley  flat. 

These  two  cases  were  considered,  since  it  was  hypothesized  that  the  low 
level  bench  was  more  closely  associated  with  the  present  river  than  the 
elevation  of  the  valley  flat,  especially  for  those  cases  which  are 
entrenched.  The  other  reason  was  that  the  channel  properties  could 
more  accurately  be  determined  for  a  stage  corresponding  to  the  low 
level  bench  than  for  a  stage  corresponding  to  the  valley  flat. 

FIGURE  5.1  is  a  plot  of  the  discharge  at  the  low  level 
bench  and/or  trim  line  versus  the  associated  return  period  for  all 
rivers  satisfying  the  Gravel -1  screening.  The  scatter  is  over  a 


■ 


DISCHARGE  CORRESPONDING  TO  THE  LOW  LEVEL  BENCH 
AND/OR  TRIM  LINE,  QOLLB,  IN  FT3/S 


111 


106 


s 


2  ■ 


10s 


s 


2- 


ltf4 


s 


2- 


10s 


s 


2 


102 


2 


10l  - 

10-‘  . 


FIGURE  5. 


■v  1  !  1  1  j - 

1  II 

T-T'l'l - - 1  1 - “T — 1  TTT  1  "j - r - T - 1 — 1 — r 

O 

- 

4 

- 

14 

- 

□ 

4. 

4 

a 

o«3 

- 

4 

GO 

4 

0 

4 

A  © 

— 

a  74 

- 

a 

*  o  „  * 

D 

" 

ca 

O 

o  5£ 

<J> 

© 

- 

0 

4 

3 

© 

o  ° 

— 

a 

o 

- 

© 

- 

a 

SYMBOLS: 

- 

m 

u 

in 

t~ 

Relation  of  channel  to  valley  bottom 

■ 

«TJ 

A3 

>» 

0) 

>» 

O  Not  obviously  degrading  or  aggrading 

LO 

o 

Q  Partly  entrenched 

- 

CO 

1 

■  L  .X— 1- 

A  Entrenched 

J— LX, 

5  2  5  2  S  2  5 


10°  101  102  103 


RETURN  PERIOD  IN  YEARS 

1  DISCHARGE  CORRESPONDING  TO  THE  LOW  LEVEL  BENCH 
AND/OR  TRIM  LINE  VERSUS  RETURN  PERIOD  IN  YEARS 
FOR  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 
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range  from  1.1  to  20  years;  however,  there  is  a  grouping  of  the  plotted 
points  between  1.5  and  3  years  which  is  the  range  suggested  by  Leopold 
and  Wolman  (1957) . 

FIGURE  5.2  is  a  plot  of  the  discharge  at  the  low  level  bench 
and/or  trim  line  versus  the  associated  percent  of  the  time  for  which 
the  discharge  is  exceeded.  The  range  of  the  percent  durations  is 
extreme  ranging  from  less  than  0.1  to  7  percent.  The  scatter  in  this  case 
is  not  much  greater  than  that  found  by  Nixon  (1959)  for  his  study  of 
British  rivers  based  on  bankfull  discharges. 

A  final  plot  of  discharge  at  the  valley  flat  versus  the 
associated  return  period  is  presented  in  FIGURE  5.3.  This  figure  shows 
that  many  of  the  gravel  rivers  in  Alberta  are  entrenched  with  return 
periods  at  the  valley  flat  being  in  excess  of  100  years.  In  all  but  one 
case,  the  return  period  at  the  valley  flat  is  greater  than  or  equal 
to  2  years.  For  those  cases  with  the  return  period  less  than  100  years, 
the  median  return  period  is  around  20  years.  These  results  indicate 
that  there  is  no  well  defined  return  period  which  may  be  associated 
with  the  bankfull  discharge  defined  in  terms  of  the  valley  flat. 

5.2.2  Hydrophone  Data 

The  hydrophone  data  obtained  from  several  of  the  study  reaches 
by  the  Water  Resources  Division,  Alberta  Department  of  the  Environment 
(1969,  1970)  were  used  to  estimate  the  probable  extent  of  bed  material 
movement  for  various  characteristic  discharges.  The  basic  data  are 
presented  in  APPENDIX  L  and  are  plotted  in  FIGURE  5.4  for  the  case 
of  the  2  year  flood. 

From  these  results  it  is  apparent  that  bed  material  movement 
occurs  for  essentially  all  reaches  with  a  discharge  in  excess  of  the 
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FIGURE  5.2  DISCHARGE  CORRESPONDING  TO  THE  LOW  LEVEL  BENCH  AND/OR  TRIM 
LINE  VERSUS  PERCENT  OF  THE  TIME  WHICH  THE  DISCHARGE  IS 
EXCEEDED  FOR  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 
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* 
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0  Not  applicable  (on  fan) 

O  Not  obviously  degrading  or  aggrading 
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A  Partly  entrenched 
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FIGURE  5.3  DISCHARGE  CORRESPONDING  TO  THE  ELEVATION  OF  THE  VALLEY  FLAT 
VERSUS  THE  RETURN  PERIOD  IN  YEARS  FOR  RIVERS  SATISFYING  THE 
GRAVEL-1  SCREENING 
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DISCHARGE  AT  WHICH  HYDROPHONE  OBSERVATIONS  WERE  TAKEN  IN  CFS. 
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FIGURE  5.4  DISCHARGE  AT  THE  TIME  OF  HYDROPHONE  MEASUREMENTS 

VERSUS  DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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2  year  flood.  This  does  not  imply  that  the  2  year  flood  is  physically 
the  dominant  discharge,  but  it  would  be  a  more  realistic  dominant 
discharge  than  the  long-term  mean  discharge  for  which  there  is  no  bed 
material  movement  for  gravel  rivers. 

5.2.3  Threshold  Condition 

The  threshold  criteria  of  Shields  (1936),  Neill  (1968), 
and  Gal  ay  (1971)  were  used  to  indicate  if  the  bed  material  was  moving  at 
the  2  year  flood  for  those  reaches  with  hydrophone  data.  In  several 
cases  there  was  measured  movement  in  the  field  at  discharges  less  than 
the  2  year  flood;  however,  the  Shields  (1936)  and  the  Neill  (1968) 
threshold  equations  indicated  no  movement.  Normally,  the  Gal  ay  (1971) 
criterion  indicated  movement  of  the  bed  if  there  was  measured  movement 
in  the  field. 

It  must  be  pointed  out  that  the  results  obtained  by  the 
Shields  (1936)  and  the  Neill  (1968)  criteria  are  not  directly  compatible 
with  the  field  measurements.  For  example,  the  bed  material  in  movement 
as  detected  by  the  hydrophone  may  have  been  finer  than  the  median 
size  of  the  bed  material.  Other  deviations  are  also  noted;  for 
example,  the  mean  velocity  used  by  Neill  was  the  mean  velocity  across 
a  two  dimensional  turbulent  boundary  layer  while  the  mean  velocity 
used  in  the  computations  in  this  study  was  based  on  data  from  several 
cross-sections  in  the  reach. 

In  addition  to  the  comparisons  with  field  measurements  of  bed 
material  movement,  computations  were  carried  out  using  the  Shields 
(1936),  the  Neill  (1968),  and  the  Galay  (1971)  threshold  criteria  for  a 
discharge  corresponding  to  the  2  year  flood. 
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FIGURE  5.5  is  a  Shields  (1936)  threshold  type  plot  for  all 
Gravel -1  and  Sand-1  river  reaches.  The  symbols  indicate  the  relation 
of  the  channel  to  the  valley  bottom  (See  APPENDIX  G).  The  sand 
bed  channels  are  highly  mobile  while  the  gravel  rivers  are  near 
threshold  conditions.  The  value  of  the  Shields  parameter, 
p •(g.DM.S)/^' -DG50) ,  is  greater  than  0.03  for  virtually  all  gravel 
river  reaches  which  are  not  obviously  aggrading  or  degrading.  Neill 
(1968)  has  recommended  that  the  Shields  parameter  of  0.03  be  used 
for  the  design  of  stable  gravel  beds. 

FIGURE  5.6  is  a  plot  of  the  Neill  (1968)  parameters  of 
p*VM2/(y'-DG50)  and  relative  depth  for  Gravel-1  reaches  and  for  a 
discharge  corresponding  to  the  2  year  flood.  The  critical  curve 
given  by  Neill  for  the  initiation  of  motion  is  shown  for  the  range 
of  relative  depths  from  2  to  100.  The  channels  which  are  not 
obviously  aggrading  or  degrading  are  at  least  near  the  critical 
curve;  whereas,  the  points  for  the  reaches  which  are  partly  entrenched 
or  entrenched  cover  a  much  greater  range.  This  may  be  an  indication 
that  the  entrenched  channels  are  more  likely  to  vary  from  paved 
beds  to  armoured  beds  than  those  which  are  not  obviously  aggrading 
or  degrading. 

The  Gal  ay  (1971)  critical  velocity  for  the  initiation  of 
motion  of  gravels  is  only  a  function  of  bed  material  size: 

VMCRIT  =  8.0-  ( DG50 ) 0 * 333  EQUATION  5.1 

This  expression  is  based  primarily  on  field  data  and  is  not  developed 
from  a  sound  physical  basis.  It  has  been  included  to  make  comparisons 
with  the  Shields  (1936)  and  the  Neill  (1968)  criteria. 
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FIGURE  5.5  THRESHOLD  CONDITIONS  AS  INDICATED  BY  THE  SHIELDS  CURVE  FOR 
RIVERS  SATISFYING  THE  SAND-1  OR  GRAVEL-1  SCREENINGS  AND  FOR 
THE  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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DM/DG50 

FIGURE  5.6  THRESHOLD  CONDITIONS  AS  INDICATED  BY  THE  NEILL  CURVE  FOR 
RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR 
DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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FIGURE  5.7  is  a  plot  of  the  ratio  of  the  mean  velocity  in 
the  reach  to  the  Galay  critical  mean  velocity  versus  relative  depth. 

The  relative  depth  is  used  only  as  a  parameter  to  distribute  the 
plotted  data  points.  This  plot  shows  that  essentially  all  reaches 
which  are  not  obviously  aggrading  or  degrading  have  a  mean  velocity 
greater  than  the  computed  critical  mean  velocity  for  movement. 

As  a  final  consideration,  the  Blench  transport  equation 
was  used  to  indicate  if  there  was  movement  at  the  2  year  flood. 

The  equations  utilized  for  the  computations  are  given  in  the  detailed 
write-up  of  the  computer  program  and  subroutines  in  APPENDIX  J.  The 
Blench  equations  indicated  transport  in  essentially  all  cases 
where  there  was  field  confirmation  of  movement  at  a  discharge  near 
the  2  year  flood.  If  there  was  movement  measured  in  the  field  for  a 
discharge  less  than  the  2  year  flood,  the  Blench  transport  equation 
generally  indicates  substantial  movement  at  the  2  year  flood. 

The  various  results  obtained  in  this  section  suggest 
that  in  the  majority  of  cases  the  bed  is  mobile  for  gravel  rivers 
at  a  discharge  near  the  2  year  flood. 

5.2.4  Dominant  Discharge  Based  on  Consistent  Prediction  of  Channel 
Properties 

Since  there  is  limited  data  available  concerning  bed-load 
transport  for  the  study  reaches,  it  is  not  feasible  to  define  a 
dominant  discharge  in  terms  of  the  bed-load  transport  distribution 
curve  as  suggested  by  Prins  (1969).  If  such  a  definition  was  accepted, 
the  results  would  be  dependent  upon  the  particular  transport  equation 
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FIGURE  5.7  THRESHOLD  CONDITIONS  AS  INDICATED  BY  THE  GALAY  CRITERION  FOR  RIVERS  SATISFYING  THE 
GRAVEL-1  SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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As  an  alternative  approach,  a  dominant  discharge  was  defined 
in  terms  of  fluid  discharge  alone.  The  selected  characteristic 

discharge  should  be  of  such  a  magnitude  to  reasonably  ensure  bed 
material  movement  for  most  reaches.  In  addition,  the  correlation 
between  specific  channel  properties  and  the  selected  characteristic 
discharge  should  be  relatively  high.  This  approach  is  similar  to 
that  used  by  Leopold  and  Maddock  (1953)  except  that  the  mean  annual 
discharge  which  was  used  by  them  is  rejected  due  to  a  lack  of  bed 
material  movement  in  gravel  rivers  at  this  discharge. 

The  expression  used  to  define  a  dominant  discharge  in 
this  manner  is  of  the  form: 

Y  -  a-Qb  EQUATION  5.2 

where:  Y  is  some  dependent  variable  (average  width,  WSM;  average 
area,  AM;  average  depth,  DM;  average  form  factor,  FF; 
mean  velocity,  VM;  slope,  S;  or  Manning  "n"). 

Q  is  the  specified  discharge  considered  to  be  the  independent 
variable  (any  of  the  12  characteristic  discharges  given  in 
SECTION  4.4). 

The  characteristic  discharge  which  gave  the  most  consistent 
results  for  any  relation  was  considered  to  be  the  one  with  the  highest 
value  of  the  coefficient  of  determination,  r^,  for  the  regression 
on  the  logarithms  of  the  data.  If  the  values  of  the  coefficients  of 
determination  for  one  or  two  of  the  characteristic  discharges  were 
close,  the  minimum  value  of  the  standard  error  (expressed  in  log 
units)  was  considered. 

A  generalized  summary  of  the  results  of  this  type  of 
analysis  for  the  Gravel-1  reaches  is  presented  in  TABLE  5.1.  When 
making  the  evaluation  of  the  discharge  which  gives  the  most  consistent 
result,  most  consideration  was  given  to  the  channel  properties  which 
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are  basic  data;  that  is,  average  width,  WSM;  average  area,  AM;  and 
the  slope  for  the  reach,  S. 

Based  on  the  above  criteria,  the  discharge  corresponding 
to  the  2  year  flood  gives  the  most  consistent  definition  of  average 
width  and  area.  However,  there  is  no  great  difference  between  the 
coefficients  of  determination  for  the  2  year  flood  and  the  other 
characteristic  discharges.  The  discharge  corresponding  to  the 
elevation  of  the  valley  flat  gives  the  most  consistent  definition  of 
slope.  This  latter  result  is  expected,  since  the  value  of  the  slope 
is  considered  to  be  constant  for  all  discharges  and  the  data  points 
extend  over  a  great  range  for  the  case  of  the  discharge  at  the  valley 
flat. 

Based  on  the  data  in  TABLE  5.1,  the  hydrophone  data,  and  the 
threshold  analysis,  it  is  apparent  that  the  2  year  flood  can  reasonably 
be  accepted  as  a  dominant  discharge  which  is  unrelated  to  a 
geomorphic  feature.  The  discharge  at  the  valley  flat,  regardless  of 
the  return  period,  is  a  reasonable  discharge  to  accept  as  a  dominant 
discharge  associated  with  a  geomorphic  feature.  Of  these  two 
characteristic  discharges,  the  2  year  flood  is  preferred,  since  it 
may  be  adequately  estimated  from  hydrologic  records.  The  rating 
curve  is  generally  not  too  well  defined  beyond  the  2  year  flood  stage 
and  is  often  only  poorly  defined  at  the  valley  flat.  Many  of  the 
Alberta  rivers  are  entrenched;  consequently,  the  return  period 
at  the  valley  flat  is  often  in  excess  of  100  years. 

No  consideration  is  given  to  the  flow  duration  discharoes 
when  defining  a  dominant  discharge,  since  the  discharges  exceeded  a 
given  percent  of  the  time  are  quite  closely  associated  with  the  flood 


- 

. 


125 


frequency  data.  As  an  example,  FIGURE  5.8  shows  the  relation  between 
the  discharge  exceeded  1  percent  of  the  time  versus  the  2  year  flood. 

5.3  Discharge  Relations  for  Different  Screenings 

The  above  definitions  of  the  dominant  discharge  were  based 
on  the  Gravel -1  screening  for  gravel  rivers,  since  most  emphasis  is 
placed  on  this  class  of  rivers  in  this  study.  As  an  extension  of  the 
analysis,  width-discharge,  area  discharge,  depth-discharge,  form 
factor-discharge,  mean  velocity-discharge,  slope-discharge  and 
Manning  "n"-discharge  relations  were  obtained  for  the  six  main 
screenings  given  in  SECTION  4.3  and  for  characteristic  discharges 
corresponding  to  the  2  year  flood,  the  elevation  of  the  valley  flat, 
and  the  long  term  mean  discharge.  The  long  term  mean  discharge  was 
included  to  make  comparisons  with  other  well  known  studies,  such  as 
that  by  Leopold  and  Maddock  (1953).  All  results  are  presented  in 
APPENDIX  L.  No  detailed  discussion  is  presented  concerning  the 
results;  however,  reference  is  made  to  some  aspects  of  this  analysis 
in  SECTION  5.5. 

5.4  Evaluation  of  Past  Work 

In  this  section  the  equations  presented  by  Lacey,  Blench, 
Henderson, and  Kellerhals  are  tested  with  the  field  data  from  Alberta 
gravel  rivers. 

All  detailed  results  are  presented  in  tabular  form  in 
APPENDIX  L.  The  procedure  used  is  as  follows: 
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DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD  IN  FT^/S 


FIGURE  5.8  THE  DISCHARGE  EXCEEDED  1  PERCENT  OF  THE  TIME  VERSUS  THE 
DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD  FOR  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING 
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1.  The  functional  form  of  the  exponential  equation  given  by  a 
particular  investigator  is  accepted  and  the  variability 

of  the  coefficient  is  evaluated  from  the  field  data,  and 

2.  The  coefficient  and  the  exponent(s)  are  then  determined 
from  the  field  data  using  a  linear  regression  on  the 
logarithms  of  the  data. 

In  some  cases  an  alternate  form  of  an  equation  originally 
presented  by  the  investigator  is  given;  for  example,  the  original 
paper  may  have  used  DG90  for  the  characteristic  grain  size,  but  in 
this  study  the  DG50  size  as  well  as  the  DG90  size  was  used  to  test 
the  difference  in  the  results.  The  results  are  presented  for  the 
2  year  flood  and  the  discharge  corresponding  to  the  valley  flat.  The 
computations  were  carried  out  for  the  Gravel-1,  Gravel-2,  and 
Gravel -3  screenings.  If  there  was  no  major  difference  between  the 
screenings,  only  the  results  for  the  Gravel-1  screening  are  presented. 

5.4.1  Lacey  Type  Relations 

Lacey  (1929,  1933)  based  most  of  his  work  on  sand-bed 
canals.  However,  he  did  use  a  few  data  points  from  gravel  rivers 
with  median  bed  material  sizes  up  to  10  inches  to  establish  the 
relation  between  the  "silt  factor"  and  rugosity.  Lacey  described 
his  sections  with  the  wetted  perimeter  and  the  hydraulic  radius; 
whereas,  the  water  surface  width  and  the  mean  depth  were  used  in 
this  study. 

The  width  equation  presented  by  Lacey  was: 

WSM  =  2.67 .q0-500  EQUATION  5.3 

if  it  is  assumed  that  there  is  no  difference  between  the  wetted 
perimeter  and  the  water  surface  width.  If  the  discharge  at  the 
valley  flat  is  accepted  as  the  dominant  discharge  for  this  analysis, 


. 
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the  coefficient  is  2.78  and  the  exponent  is  0.438.  The  Lacey 
coefficient  of  2.67  corresponds  to  a  discharge  between  the  1.5  and 
2  year  floods.  If  the  2  year  flood  is  accepted  as  the  dominant 
discharge,  the  coefficient  is  2.38  and  the  exponent  is  0.527. 

The  Lacey  equation  for  mean  velocity  in  terms  of  mean 
depth  and  slope  is  given  as  follows: 

VM  =  16.0  •  DM0,667-S0,333  EQUATION  5.4 

if  it  is  assumed  that  the  hydraulic  radius  and  the  mean  depth  are 
the  same.  When  the  coefficient  is  determined  from  the  data  for  gravel 
rivers,  it  is  within  three  percent  of  the  value  of  16.0  given  by  Lacey. 
The  best  fit  relation  for  the  2  year  flood  results  in  a  coefficient 
of  12.6  and  exponents  of  0.608  and  0.288  for  the  mean  depth  and 
slope,  respectively.  Only  about  50  percent  of  the  variance  is 
explained  by  the  relation.  The  exponents  for  the  best  fit  relation  are 
closer  to  the  Lacey  exponents  than  they  are  to  the  Manning 
exponents  for  the  adopted  dominant  discharges. 

The  other  Lacey  equation  for  mean  velocity  is  expressed 
in  terms  of  the  mean  depth  and  a  characteristic  bed  material  size 
as  follows: 

VM  =1.17  •  f0,500  •  DM0,500  EQUATION  5.5 
if  it  is  assumed  that  the  mean  depth  is  equal  to  the  hydraulic 
radius.  The  silt  factor,  f,  may  be  evaluated  as: 

f  =  27.7  •  DG500,500  EQUATION  5.6 

where  DG50  is  the  median  bed  material  size  in  feet.  The  Lacey 
velocity  equation  may  be  rewritten  as: 

0,500  •  DG500,250 


VM  «  6.18  •  DM 


EQUATION  5.7 


' 
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Based  on  the  functional  form  of  EQUATION  5.7  the  coefficient  for  the 
2  year  flood  is  4.08.  The  best  fit  relation  for  the  2  year  flood 
results  in  a  coefficient  of  4.25  and  exponents  of  0.255  and  0.103  for 
the  mean  depth  and  the  median  bed  material  size,  respectively.  Only 
about  20  percent  of  the  variance  is  explained  by  the  relation.  For 
the  best  fit  relations,  the  exponent  for  the  bed  material  parameter 
is  small  and  the  choice  of  the  DG50  size  or  the  DG90  size  does  not 
result  in  an  appreciable  change  in  the  magnitude  of  the  coefficient 
of  determination  or  the  standard  error.  This  result  is  typical  of 
many  of  the  relations  involving  one  or  more  parameters  and  the  bed 
material  size. 

If  EQUATIONS  5.3,  5.4  and  5.7  are  solved  the  following 
slope  equation  is  obtained: 

S  =  6.85-DG50°-833*Q'0,167  EQUATION  5.8 

The  coefficient  of  variation  was  greater  than  0.80  when  the  variability 
of  the  coefficient  was  evaluated.  For  the  2  year  flood,  the  best 
fit  coefficient  was  10.4  and  the  exponents  were  0.586  and  -0.334  for 
the  median  bed  material  size  and  the  discharge,  respectively. 

The  exponent  for  the  bed  material  size  is  about  two  thirds  of  the 
value  given  by  Lacey  for  sand-bed  channels  and  the  exponent  for 
the  discharge  is  doubled. 

5.4.2  Blench  Type  Relations 

Blench  (1941)  built  on  the  work  of  Lacey  and  developed  a 
regime  theory  for  the  straight  duned  sand-bed  class  of  channels.  This 
section  discusses  the  extension  of  the  Blench  relations  to  natural 
gravel  rivers.  The  three  basic  equations  are  a  bed  factor  relation. 
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a  side  factor  relation,  and  a  slope  equation  based  on  the  work  of 
King  (1943). 

Blench  (1969a)  shows  that  the  bed  factor  must  be  evaluated 
for  the  different  phases  encountered  in  natural  channels.  For  the 
sand-bed  channel  phase  with  large  relative  depths,  the  bed  factor, 

p 

VNr/DM  is  considered  to  be  a  function  of  charge  and  bed  material 
size,  but  for  the  gravel  river  phase  with  small,  relative  depths,  the 
bed  factor  is  considered  to  be  a  function  of  relative  depth  and 
charge.  A  transition  between  these  two  main  phases  is  suggested 
where  the  bed  factor  is  a  function  of  relative  depth,  charge,  and 
bed  material  size. 

The  expression  for  the  bed  factor  for  qravel  rivers  with 
small  relative  depths  and  with  vanishingly  low  charge  as  given  by 
Blench  (1971)  is: 

Fbo  =  VM2/DM  -  48 •  (DM/D650)-0' 500  EQUATION  5.9 
This  relation  was  tested  for  the  Gravel -1  screening  for  the 
case  of  movement  or  no  movement  of  the  bed  material,  and  for  the 
case  of  no  movement  using  an  initiation  of  motion  criterion.  The 
results  indicate  that  a  somewhat  better  correlation  does  result  if 
the  reaches  with  movement  are  rejected.  If  the  Cooper  (1970) 
criterion  for  movement,  THRES,  at  low  relative  depths  is  used  to 
reject  cases  with  mobile  beds,  seven  reaches  are  omitted  from  the 
analysis,  and  the  resulting  equation  for  the  discharge  corresponding 
to  the  2  year  flood  is: 

Fbo  =  21.6-(DM/DG50)"0,418  EQUATION  5.10 

and  for  the  discharge  corresponding  to  the  valley  flat  the 


relation  is: 


.  I 
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Fbo  =  42.7  •  ( DM/DG50 ) ~° • 597  EQUATION  5.11 

Since  the  criterion  given  by  Cooper  (1970)  for  vanishingly 
low  charge  is  essentially  the  same  as  that  obtained  from  flume  experi¬ 
ments  by  Neill  (1968)  for  initiation  of  motion,  the  criteria  for 
rejection  of  gravel  reaches  with  mobile  beds  is  denoted  as  the 
Cooper-Neill  criteria.  The  Cooper-Neill  criteria  should  only  reject 
those  cases  which  have  a  highly  mobile  bed  (See  SECTION  5.2). 

The  results  for  the  relation  between  the  bed  factor  and 
relative  depth  are  presented  in  FIGURE  5.9  for  all  reaches 
satisfying  both  the  Gravel -1  and  Sand-1  screening  in  order  to  show 
the  distinction  between  the  two  phases.  FIGURE  5.10  is  a  similar 
plot  of  all  Gravel-1  rivers  which  have  no  movement  according  to 
the  Cooper-Neill  criterion. 

The  analysis  based  on  the  case  of  movement  or  no  movement 
indicates  that  there  was  no  appreciable  difference  between  the 
results  obtained  by  using  the  DG90  size  and  the  DG50  size; 
consequently,  the  DG50  size  was  adopted.  The  coefficient  of 
determination  for  the  relation  of  the  bed  factor  to  the  relative 
depth  is  highest  for  the  discharge  corresponding  to  the  valley  flat. 

Based  on  the  results  obtained  by  usinq  the  Cooper-Neill 
criterion  for  initiation  of  motion,  it  is  recommended  that  the 
value  of  the  coefficient  given  by  Blench  (1971)  be  changed  from 
48  to  30  if  the  exponent  -0.500  is  to  be  adopted.  This  result  compares 
favourably  with  that  presented  by  Galay  (1971)  who  recommended 
that  the  coefficient  be  29  and  the  exponent  be  -0.500. 

One  difficulty  with  using  the  concept  of  Fbo  for  gravel 
rivers  is  that  there  is  little  evidence  to  support  the  condition 
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FIGURE  5.9  BED  FACTOR  VERSUS  RELATIVE  DEPTH  FOR  RIVERS  SATISFYING  THE  SAND-1  OR  GRAVEL-1 
SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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that  the  charge  approaches  zero.  As  illustrated  in  this  particular 
analysis,  an  initiation  of  motion  criterion  has  to  be  accepted  in 
order  to  reject  all  cases  with  highly  mobile  beds.  Perhaps  the 
highly  immobile  cases  should  also  have  been  rejected  by  some  criteria. 
Obviously  this  approach  to  the  problem  is  unsatisfactory,  since  the 
investigator  introduces  a  bias  into  the  analysis. 

Blench  (1969a)  suggested  that  for  relative  depths 
greater  than  about  200,  the  zero  bed  factor,  Fbo,  could  be 
estimated  as: 

Fbo  =  7.3-(DG50)0-25  EQUATION  5.12 

where  the  bed  material  size  was  obtained  as  grid-by-weight.  In  this 
analysis  the  size  was  that  obtained  as  grid-by-number,  which  results 
in  a  somewhat  smaller  median  bed  material  size  than  that  obtained 
as  grid-by-weight .  However,  if  there  is  a  small  difference  in  the 
median  sizes,  the  results  should  not  be  greatly  affected  if 
EQUATION  5.12  is  of  the  correct  form,  since  the  exponent  is  small. 
Based  on  the  available  data,  it  was  found  that  there  were  essentially 
no  gravel  reaches  with  a  relative  depth  greater  than  200.  When  an 
analysis  of  an  exponential  form  was  carried  out  between  Fbo  and 
DG50  for  all  Gravel -1  reaches,  it  was  found  that  the  relation  was 
poor. 

Next  the  Blench  side  factor,  VM2/WSM,  was  tested  for 
gravel  rivers  with  two  types  of  banks: 

1.  Gravel  banks  overlain  by  silt  or  cobble  banks  overlain 
by  silt,  and 

2.  Gravel  or  cobble  banks. 

The  magnitude  of  the  side  factor,  Fs,  is  supposedly  an  indicator 
of  the  ability  of  the  channel  to  withstand  bank  erosion  •  The  regime 
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theory  associates  the  side  factor  with  the  square  of  the  shear  stress 
at  the  banks  if  they  behave  or  though  they  are  hydraulically  smooth. 

The  general  results  for  the  two  classes  of  gravel  rivers 
are  reasonable  if  the  above  explanation  is  accepted  qualitatively.  The 
channels  with  silt  banks  in  contact  with  the  river  at  the  2  year 
flood  are  more  easily  erodible  (median  Fs  =  0.40)  than  the  channel 
with  gravel  or  cobble  banks  (median  Fs  =  0.78).  No  comparable  results 
are  given  by  Blench. 

The  variation  of  the  side  factor  for  all  Gravel -1  and  Sand-1 
rivers  is  shown  in  FIGURE  5.11.  The  abscissa  scale  of  relative  depth 
used  in  this  figure  is  to  provide  a  means  of  separating  the  plotted 
points  and  no  relation  between  the  side  factor  and  relative  depth 
is  implied. 

Blench  (1969a)  does  suggest  that  the  side  factor  for 
gravel  rivers  may  be  estimated  from  the  following  rule  of  thumb: 

Fs  =  0.125 -Fbos2,0  EQUATION  5.13 

where  Fbos  is  the  zero  bed  factor  of  a  channel  with  a  bed  corresponding 
to  the  material  in  the  gravel  sides. 

This  relation  could  not  be  tested  directly,  since  no  detailed 
measurements  of  bank  material  size  were  available.  The  assumption 
was  made  that  the  side  factor,  Fs,  was  an  exponential  function  of  the 
bed  factor,  Fb.  The  following  relation  was  established  for  the  class 
of  gravel  rivers  with  gravel  or  cobble  banks  for  discharges  corresponding 
to  the  2  year  flood: 

Fs  =  0.0660-Fb1 *25  EQUATION  5.14 

The  plotted  points  and  the  best  fit  line  are  presented  in  FIGURE  5.12. 
About  86  percent  of  the  variance  was  explained  by  the  relation  between 
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FIGURE  5.11  BLENCH  SIDE  FACTOR,  Fs ,  VERSUS  RELATIVE  DEPTH  FOR  RIVERS  SATISFYING 
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FIGURE  5.12  BLENCH  SIDE  FACTOR,  Fs ,  VERSUS  BED  FACTOR,  Fb,  FOR  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  DISCHARGES 
CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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side  factor  and  bed  factor;  however,  there  is  a  degree  of  spurious 
correlation.  The  form  is  quite  different  from  that  suggested  by 
Blench;  however,  the  expressions  are  not  quite  comparable,  since  the 
derived  relation  involves  Fb  rather  than  Fbos. 

The  result  given  by  EQUATION  5.14  may  be  rewritten  in  the 
following  manner: 

WSM/DM  =  15.0  •  VM0*500  •  DM0, 250  EQUATION  5.15 
This  equation  implies  that  the  form  factor  for  gravel  rivers  with 
gravel  or  cobble  banks  is  a  function  of  the  mean  velocity  and  depth. 

Finally  the  following  form  of  the  King  resistance  equation 
was  evaluated  for  the  Gravel -1  river  reaches: 

VM2/(g.DM.S)  =  a  '(VM.WSM/ v)b  EQUATION  5.16 

This  form  of  the  King  equation  involving  slope  has  been  incorporated 
into  the  regime  theory  for  duned  sand-bed  channels  by  Blench.  In 
this  study,  the  relation  was  tested  for  the  Gravel -1  reaches  with 
and  without  the  slope  correction  parameter,  SCOR  (See  SECTION  4.5). 

When  the  slope  was  corrected,  the  parameter  S/SCOR  was  substituted 
for  S.  The  results  of  the  analysis  indicated  that  the  slope  correction 
parameter  did  not  improve  the  overall  relation.  However,  from  a 
physical  basis  the  slope  correction  parameter  should  account 
for  energy  losses  due  to  bends  or  islands. 

Based  on  the  analysis  using  Gravel-1  rivers  and  the  2 
year  flood,  the  value  of  the  exponent  b,  was  0.430  with  95  percent 
confidence  limits  of  0.329  and  0.521.  The  value  of  the  exponent  of 
0.250  given  by  the  regime  theory  for  duned  sand-bed  channels  is 
significantly  different  from  the  results  obtained  for  the  gravel 
rivers  used  in  this  study;  however,  the  value  of  the  exponent  of  0.370 
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reported  by  Simons  and  Albertson  (1960)  for  stable  sand-bed  canals  is 
not  significantly  different. 

The  maximum  error  in  slope  introduced  by  a  poor  estimation 
of  the  kinematic  viscosity  is  about  10  to  15  percent.  It  is  to  be 
noted  that  it  is  not  physically  realistic  to  incorporate  a  viscosity 
term  into  this  type  of  equation  for  the  case  of  fully  developed  turbulent 
flow  over  a  rough  boundary. 

The  plotted  data  for  Sand-1  rivers  and  Gravel -1  rivers  are 
shown  in  FIGURE  5.13  with  the  dimensionless  terms  used  by  King  for  the 
ordinate  and  abscissa.  The  sand-bed  channels  generally  fall  below  the 
King  line  for  the  case  of  no  slope  correction.  If  a  slope  correction 
was  applied,  the  sand-bed  channels  would  plot  closer  to  the  line 
represented  by  the  King  equation  which  was  developed  for  the  case  of 
straight  duned  sand-bed  channels.  The  best  fit  line  for  the  Gravel-1 
rivers  is  also  shown  for  comparison. 

The  analysis  was  also  carried  out  for  the  following  two 
conditions: 

1.  Movement  or  no  movement  of  bed  material 

2.  No  movement  as  indicated  by  the  Cooper-Neill  threshold  criterion. 
The  results  indicated  that  the  highest  correlation  was  obtained  when 

all  data  were  included  in  the  relation. 

5.4.3  Henderson  Type  Relations 

The  work  of  Henderson  (1961,  1967)  as  it  is  related  to 
gravel  rivers  has  been  primarily  developed  from  a  consideration  of 
the  tractive  force  approach  given  by  Lane  (1955).  The  Shields  (1936) 
criteria  for  initiation  of  motion  for  fully  developed  turbulent  flows 
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is  also  incorporated  into  his  analysis  along  with  the  Manning  flow 
equation  and  the  Strickler  estimate  of  "n".  These  equations  presented 
by  Henderson  are  primarily  intended  for  the  design  of  canals  based 
on  the  threshold  approach,  but  may  be  applied  to  rivers  which  do  not 
have  highly  mobile  beds. 

The  Henderson  width  equation  for  wide  gravel  rivers  is  as 

follows : 

WSM  =  1.14  •  Q  •  S1J67/DG1*50  EQUATION  5.17 

The  best  fit  width  equation  of  the  same  form  obtained  from  the 
Gravel -1  rivers  was  as  follows: 

WSM  =  1.96  *  Q0-520  .  S'0'024/DG500,055  EQUATION  5.18 
where  the  discharge  was  the  2  year  flood.  It  is  apparent  that  the 
width  equation  obtained  from  this  analysis  is  primarily  defined  by 
discharge  since  the  exponents  for  slope  and  bed  material  size  are 
so  small.  The  coefficient  of  determination  is  0.961  when  discharge, 
slope  and  bed  material  size  is  considered  and  is  0.962  when  discharge 
is  considered  alone.  This  implies  that  the  introduction  of  slope 
and  bed  material  size  do  not  even  compensate  for  the  loss  in  the 
statistical  degrees  of  freedom. 

As  an  alternate  form  of  analysis  the  equation  of  the 
following  form  was  evaluated: 

WSM  =  a  (Q  •  S1*167/DG501,50)b  EQUATION  5.19 

for  the  discharge  corresponding  to  the  2  year  flood.  FIGURE  5.14 
shows  the  best  fit  equation  of  the  form  given  by  EQUATION  5.19  and 
two  lines  for  the  Henderson  threshold  equation  assuming  the  Henderson 
DG  to  be  the  DG50  size  and  to  be  two  times  the  DG50  size. 
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FIGURE  5.14  AVERAGE  WATER  SURFACE  WIDTH  VERSUS  Q-S1  ‘  1  /DG50  FOR  RIVERS  SATISFYING  THE  GRAVEL-1 
SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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The  final  Henderson  equation  which  is  considered  is  the 
velocity  equation  based  on  the  Manning  equation  with  the  Manning  "n" 
evaluated  by  means  of  the  Strickler  equation.  The  bed  material 
size  is  then  eliminated  by  utilizing  the  Shields  parameter  for  threshold 
conditions.  The  resulting  equation  is  as  follows: 

VM  =  32.0  •  DM0, 500  •  S0*333  EQUATION  5.24 

The  best  fit  result  for  the  2  year  flood  is: 

VM  =  12.6  •  DM°-6°8.s0.288  EQUATION  5.25 

This  equation  has  exponents  quite  close  to  the  theoretical  threshold 
expression  given  by  Henderson;  however,  the  agreement  is  not  as  good 
as  that  for  the  Lacey  velocity  equation.  There  is  no  appreciable 
improvement  in  the  relation  by  rejecting  those  cases  which  have  a 
mobile  bed  according  to  the  Cooper-Neill  criterion. 

Henderson  also  presented  the  results  for  the  "Type  B" 
canal  of  Lane.  In  this  case  the  form  factor  defined  as  the  wetted 
perimeter  divided  by  hydraulic  radius  was  a  constant  equal  to  8.75. 

The  smallest  form  factor  (defined  by  average  water  surface  width 
divided  by  mean  depth)  encountered  in  this  study  of  gravel  rivers 
was  about  15,  which  is  nearly  double  that  for  the  "Type  B"  channel. 

The  slope  equation  resulting  from  the  analysis  of  the  "Type  B"  channel 
as  given  by  Henderson  is: 

S  =  0.44  •  DG751 -15 -Q"0,46  EQUATION  5.26 

The  comparable  equations  for  the  2  year  flood  based  on  67  natural 
gravel  river  reaches  are: 

S  =  0.0555  •  DG90°-499'Q‘0'332  EQUATION  5.27 

S  =  0.0965  •  DG50° ’ 586*  Q~° ’ 334  EQUATION  5.28 
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The  next  set  of  equations  which  were  evaluated  are  the 
initiation  of  motion  equations  for  the  DG90  and  the  DG50  bed  material 
sizes.  For  fully  developed  turbulent  flow  the  Shields  threshold 
criterion  is  given  as  follows: 

Y'DM  -S/(y'  -DG50)  =  0.056  EQUATION  5.20 

This  expression  may  be  rewritten  to  obtain  the  following 
equation  for  the  estimation  of  mean  depth  if  the  bed  material  is 
assumed  to  have  a  specific  gravity  of  2.65: 

DM  =  0.091  *  DG50/S  EQUATION  5.21 

The  results  obtained  by  using  this  expression  for  the  DG50  size 
are  slightly  better  than  those  for  the  DG90  size  and  no  substantial 
improvement  results  if  those  cases  which  are  most  probably  in  motion 
are  rejected.  In  all  cases  considered  the  best  estimate  of  DM  is 
obtained  if  the  term  (DG50/S)  has  an  exponent  less  than  1.00. 

Based  on  the  2  year  flood,  an  approximate  relation  is: 

DM  =  0.500  •  DG50°-500/S0'500  EQUATION  5,22 

and  the  best  fit  relation  is  given  as  follows: 

DM  =  0.228-  DG50°'283/S0,516  EQUATION  5.23 

These  results  imply  that  DM- S8,888  is  a  constant  for  reaches  with 
the  same  characteristic  bed  material  size.  This  result  is  quite 
different  from  that  given  by  Henderson  who  states  that  for  the 
threshold  condition  the  product  DM-S  should  be  a  constant.  For 
duned  sand-bed  channels,  the  regime  equation  shows  that  the  product, 
^0.500.^  should  be  constant.  From  the  results  of  this  analysis  of 
gravel  rivers  based  on  the  2  year  flood,  the  product 
Dm.$0-500  tenc|s  t0  he  constant. 
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These  results  indicate  that  the  slope  for  the  "Type  B"  channel  has 
a  different  form  with  regard  to  the  bed  material  sizes  with  the 
exponent  greater  than  1.00  in  the  "Type  B"  channel  and  less  than  1.00 
for  the  natural  channels  considered  in  this  analysis. 

5.4.4  Kellerhals  Type  Relations 

Kellerhals  (1967)  obtained  data  from  paved  gravel  river 
reaches  below  lake  outlets  to  ensure  that  bed  material  transport 
would  be  low  even  at  the  highest  stages.  In  addition,  he  utilized 
the  San  Luis  Canal  data  as  reported  by  Lane  and  Carlson  (1953).  A 
few  laboratory  tests  were  carried  out  using  fine  gravel  to  obtain 
data  points  at  the  lower  end  of  the  discharge  range.  A  width 
adjustment  equation,  a  resistance  equation  of  the  exponential 
form,  and  a  shear  stress  equation  were  combined  into  a  set  of 
regime  equations. 

The  width  adjustment  equation  presented  by  Kellerhals 

was : 

WSM  =  1 .8*0°* 500  EQUATION  5.29 

This  equation  is  of  the  same  form  as  the  Lacey  width  equation.  The 
coefficient  obtained  in  this  study  of  Alberta  gravel  rivers  for  the 
2  year  flood  was  2.38  and  the  coefficient  for  the  discharqe 
corresponding  to  the  valley  flat  was  2.78.  The  coefficient  presented 
by  Kellerhals  is  close  to  the  value  obtained  for  the  5  year  flood; 
however,  the  exponent  for  this  characteristic  discharge  was  0.536. 

The  resistance  equation  presented  by  Kellerhals  was: 

VM/(q-DM.S)°-50n=6.5.(DM/DG90)0*250  EQUATION  5.30 

The  best  fit  relation  obtained  for  the  Gravel -1  rivers  for  the  case 
of  the  2  year  flood  is : 


' 


' 


. 


146 


VM/(g-DM.S)°*500=  3.84* ( DM/DG50 ) 0 ‘ 281  EQUATION  5.31 

The  results  of  this  study  indicate  that  a  slightly  better  relation  is 
obtained  by  using  the  DG50  size  rather  than  the  DG90  size.  There  is 
no  improvement  by  rejecting  those  cases  which  are  considered  to  be 
mobile  by  the  Cooper-Neill  criterion.  The  exponent  of  0.281  is  close 
to  that  of  0.250  presented  by  Kellerhals;  however,  only  about 
40  percent  of  the  variance  is  explained  by  the  relation.  The  plotted 
points  and  the  best  fit  line  for  the  Gravel-1  rivers  are  shown  in 
FIGURE  5.15  over  the  range  of  relative  depths  from  4  to  200.  The 
plotted  points  for  the  Sand-1  rivers  are  also  shown  in  the  same  figure. 

The  form  of  the  resistance  equation  given  by  EQUATION  5.31 
may  be  compared  with  other  forms  of  the  resistance  equation.  If  the 
Manning  equation  is  rewritten  by  accepting  "n"  to  be  the  average 
Strickler  value  of: 

n  =  0.0342-DG500*167  EQUATION  5.32 

Then: 

VM/(q-DM-S)0'500  =  5.50°  (DM/DG50)0*"167  EQUATION  5.33 

Based  on  the  reanalysis  of  the  Nikuradse  data  by  Williamson  (1951), 
the  equation  may  be  written  as: 

VM/tq-DM-S)0,500  =  8.43-(DM/DG)0,167  EQUATION  5.34 

if  the  grain  size  roughness  is  replaced  by  DG.  If  the  DG90  size  is 
used  for  the  characteristic  roughness  DG,  the  results  would  be 
similar  to  those  obtained  from  the  Manning-Strickler  equation. 
Logarithmic  expressions  have  also  been  presented  by  Keulegan  (1938) 
and  others  but  are  not  considered  in  this  analysis. 

The  data  from  natural  channels  indicate  that  the  exponent 
for  the  relative  depth  is  slightly  higher  than  that  of  0.167  given 
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in  the  above  two  equations,  but  compares  quite  favourably  with  the 
value  of  0.250  presented  by  Kellerhals. 

When  the  resistance  equation  was  evaluated  for  the  Gravel -3 
screening  (minimum  of  three  bed  material  sample  sites  per  reach),  it  was 
found  that  the  resulting  exponent  for  the  2  year  flood  was  0.409.  No 
entirely  satisfactory  explanation  was  found  for  the  better  fit  with 
the  refined  data  which  resulted  in  an  exponent  two  and  one  half  times 
that  obtained  by  using  the  Manning-Strickler  equation  and  over  one 
and  one-half  times  that  found  by  Kellerhals.  The  exponent  is 
also  significantly  different  from  the  results  obtained  by  using  the 
Gravel -1  Screening.  A  qualitative  explanation  for  the  difference  is 
based  on  a  visual  inspection  of  the  plotted  points  for  the  Gravel-1 
reaches  and  the  Gravel -3  reaches.  The  data  points  at  the  extreme  ends 
of  the  Gravel -1  data  have  been  rejected  for  the  Gravel -3  screen.  Con¬ 
sequently  the  best  fit  line  rotated  to  a  new  position  determined 
by  the  remaining  data  points.  The  plotted  data  and  the  best  fit  line 
for  the  Gravel -3  screening  are  presented  in  FIGURE  5.16. 

The  third  equation  presented  by  Kellerhals  was  the  following 
shear  stress  equation: 

y-DM-S  =  1 .25-DG900*800  EQUATION  5.35 

The  best  shear  stress  relation  obtained  in  this  study  for  Gravel-1 
reaches  and  for  the  2  year  flood  is: 

Y-DM-S  =  2.02-DG500,769  EQUATION  5.36 

This  result  was  obtained  by  using  the  DG50  size  rather  than  the 
DG90  size  and  by  rejecting  the  data  for  the  seven  reaches  which  were 
mobile  according  to  the  Cooper-Neill  criterion.  Only  about  30  percent 
of  the  variance  is  explained  by  the  relation.  The  results  for  this 
analysis  are  presented  in  FIGURE  5.17. 
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FIGURE  5.16  VM/(g-DM-S)0'500  VERSUS  RELATIVE  DEPTHS  FOR  RIVERS  SATISFYING  THE  GRAVEL-3 

SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 


AVERAGE  SHEAR  STRESS,  T’DM’S,  IN  LB/FT 
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MEDIAN  BED  MATERIAL  SIZE,  DG50,  IN  FT. 


FIGURE  5.17  AVERAGE  SHEAR  STRESS  VERSUS  MEDIAN  BED  MATERIAL  SIZE 
FOR  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING  WHICH  ARE 
IMMOBILE  ACCORDING  TO  THE  COOPER  CRITERION  AND  FOR  A 
DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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It  is  noted  that  the  exponent  in  the  Kellerhals  shear  stress 
equation  is  0.800  and  the  exponent  for  best  fit  equation  for  this 
study  is  0.769.  If  the  exponent  had  a  value  of  1.00  the  expression 
would  be  of  the  form  of  the  Shields  initiation  of  motion  criterion 
for  fully  developed  turbulent  flow  over  a  rough  boundary. 

Finally  the  best  fit  relation  for  DM,  VM  and  S  are  given 
in  terms  of  discharge  and  bed  material  size.  The  overall  results 
compare  quite  favourably  with  the  Kellerhals  regime  equation  for 
paved  gravel  rivers.  The  exponents  for  discharge  are  closer  in 
agreement  than  the  exponents  for  the  bed  material  size  term. 

5.5  Evaluation  of  Different  Classes  of  Equations 

This  section  considers  the  effect  of  introducinq  from  one 
to  three  independent  variables  when  establishing  relations  for 
width,  area,  depth,  form  factor,  velocity,  slope,  or  Manning  "n".  One 
difficulty  of  using  these  types  of  relations  is  that  the  results  are 
not  dimensionally  homogeneous  and  the  form  of  the  relation  may  not 
be  compatible  with  a  model  based  on  deductive  reasoning. 

In  the  majority  of  cases,  the  results  are  presented  for 
the  Gravel -1  screening  and  for  the  discharge  corresponding  to  the 
2  year  flood.  If  the  results  for  the  Gravel-3  screening  are  appreciably 
different  from  the  Gravel-1  screening,  those  results  are  also 
presented.  Brief  statements  are  made  concerning  the  main  points  for 
each  of  the  exponential  relations.  All  statements  are  made  with 
respect  to  the  detailed  results  presented  in  the  appropriate  tables 
in  APPENDIX  L. 
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All  results  are  based  on  the  exponential  model  of  the  form: 

Y  =  a-X1b-X2c.X3d  EQUATION  5.37 

which  was  fitted  with  a  linear  regression  on  the  logarithmic 
transformed  data.  In  SECTION  5.5.8  the  best  fit  exponential  form  of 
the  width-discharge  relation,  area-discharge  relation,  etc.,  are 
compared  with  the  exponential  form  of  the  comparable  expressions 
given  by  Lacey  and  Blench  and  those  given  by  Leopold  and  Maddock. 

5.5.1  Width  Relations 

The  average  width  for  a  reach  of  a  gravel  river  is  primarily 
dependent  upon  discharge  alone.  The  best  fit  equation  for  the 
Gravel-1  rivers  based  on  the  2  year  flood  data  is: 

WSM  =  2. 38 -Q°- 527  EQUATION  5.38 

The  exponent  in  this  case  is  close  to  that  derived  by  Langbein  (1964) 
by  using  minimum  variance  considerations. 

The  plotted  points  for  the  width-discharge  relation  along 
with  the  best  fit  line  are  shown  in  FIGURE  5.18.  There  is  a  tendency 
for  the  entrenched  reaches  to  have  a  slightly  smaller  width  than  for 
those  cases  which  are  not  obviously  aggrading  or  degrading. 

The  width  equations  in  terms  of  discharge  and  slope,  and 
discharge  and  bed  material  size  are  as  good  as  that  given  by 
EQUATION  5.38. 

5.5.2  Area  Relations 

The  average  cross-sectional  area  for  a  reach  of  a  gravel 
river  is  primarily  dependent  upon  discharge  and  slope.  The  best  fit 
relation  for  the  Gravel -1  rivers  based  on  the  2  year  flood  is: 
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FIGURE  5.18  AVERAGE  WATER  SURFACE  WIDTH  VERSUS  DISCHARGE  FOR  RIVERS  SATISFYING  THE  GRAVEL-1 
SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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AM  =  0.290-Q°-780-S‘°-234  EQUATION  5.39 

This  relation  may  be  interpreted  by  stating  that  the  cross-sectional 
area  increases  with  a  characteristic  discharge  and  decreases  with 
slope.  The  introduction  of  bed  material  size  into  the  relation  does 
not  result  in  any  improvement. 

The  plotted  data  points  and  the  best  fit  line  for  the 
average  area  versus  discharge  are  shown  in  FIGURE  5.19.  The  coefficient 
of  determination  for  this  relation  is  0.974  which  is  the  highest 
of  any  of  the  discharge  relations. 

5.5.3  Depth  Relations 

The  depth  relation  is  primarily  dependent  upon  discharge 
and  slope.  The  best  fit  relation  for  the  Gravel-1  river  based  on  the 
2  year  flood  is: 

DM  =  0.137*Q°*265*S“°*199  EQUATION  5.40 

This  equation  indicates  that  the  depth  increases  with  an  increase 
in  the  characteristic  discharge  and  decreases  with  an  increase  in 
slope.  This  result  is  expected,  since  the  average  depth  is  computed 
as  the  averaqe  area  divided  by  the  average  water  surface  width. 

When  mean  depth  is  estimated  by  considering  the  bed 
material  size  and  slope,  it  was  found  that  the  DG90  size  and  the 
DG50  size  resulted  in  essentially  the  same  coefficient  of  determination 
and  the  same  standard  error.  The  best  fit  relation  for  this  case  was: 

DM  =  0.294-DG500,283-S"0,516  EQUATION  5.41 

Only  about  60  percent  of  the  variance  was  explained  by  this 
equation.  The  exponent  for  the  bed  material  size  was  higher  in  this 
relation  for  mean  depth  than  that  obtained  by  using  discharge  and  bed 
material  size  to  estimate  the  mean  depth. 
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FIGURE  5.19  AVERAGE  CROSS-SECTIONAL  AREA  VERSUS  DISCHARGE  FOR  RIVERS  SATISFYING 
THE  GRAVEL-1  SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE 
2  YEAR  FLOOD 
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The  basic  data  for  the  depth-discharge  relation  along 
with  the  best  fit  line  are  plotted  in  FIGURE  5.20.  Essentially  all 
reaches  which  are  not  obviously  aggrading  or  degrading  fall  below 
the  best  fit  line  indicating  that  they  flow  at  a  shallower  depth 
than  those  which  are  partly  entrenched. 

5.5.4  Form  Factor  Relations 

In  this  study  the  form  factor  is  defined  as  the  average 
water  surface  width  divided  by  the  average  depth.  In  terms  of  the 
basic  data,  it  is  defined  as  follows: 

FF  =  WSM2/AM  EQUATION  5.42 

The  best  fit  form  factor  relation  for  the  Gravel -1  reaches 
for  the  2  year  flood  is: 

FF  =  12.8-Q°-263-DG50"°‘159-S0*196  EQUATION  5.43 

About  60  percent  of  the  variance  is  explained  by  this  relation.  The 
above  expression  for  the  form  factor  is  only  slightly  better  than  that 
obtained  by  considering  discharge  and  slope  as  independent  variables. 

The  data  for  the  form  factor-discharge  relation  are  plotted 
in  FIGURE  5.21  along  with  the  best  fit  line.  The  position  of  the 
plotted  points  in  FIGURE  5.21a  indicates  that  those  reaches  which  are 
neither  aggrading  or  degrading  have  a  slightly  larger  form  factor 
than  average. 

A  second  plot  of  the  form  factor  versus  discharge  is  presented 
in  FIGURE  5.21b  to  show  the  effect  of  the  predominant  alluvial  bank 
material  on  the  form  factor.  The  position  of  the  plotted  points 
suggest  that  the  form  factor  for  channels  with  gravel  and  cobble 
banks  is  slightly  larger  than  that  for  silty  banks,  especially  for 
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Symbols:  Relation  of  Channel  to  Valley  Bottom 


b)  Symbols:  Type  of  Alluvial  Bank  Material 

FIGURE  5.21  FORM  FACTOR  VERSUS  DISCHARGE  FOR  RIVERS  SATISFYING 
THE  GRAVEL-1  SCREENING  AND  FOR  DISCHARGES 
CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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the  larger  discharges.  From  this  plot  it  might  be  considered  that 
the  best  fit  line  is  slightly  biased  toward  the  channels  with  banks  of 
gravel  overlain  by  silt,  since  no  other  bank  types  were  present  for 
the  highest  discharges. 

The  results  of  this  plot  cannot  be  considered  alone,  for  no 
indication  of  the  longitudinal  extent  of  the  alluvial  bank  material 
is  given.  However,  this  result  does  show  how  any  particular  equation 
may  be  studied  in  more  detail  by  evaluating  the  influence  of  geo- 
morphic  and  geographic  features  associated  with  the  reach. 

5.5.5  Mean  Velocity  Relations 

The  standard  forms  of  the  velocity  equation  using  mean 
depth  and  slope  or  mean  depth  and  bed  material  size  are  not  as  good 
as  those  involving  discharge  and  slope.  The  best  fit  relation 
for  the  Gravel -1  rivers  and  for  the  2  year  flood  is: 

VM  =  4.52-Q°*220-S0-234  EQUATION  5.44 

About  75  percent  of  the  variance  is  explained  by  this  expression. 

When  the  discharge,  bed  material  size  and  slope  are 
considered  as  independent  variables,  the  exponents  indicate  that 
the  mean  velocity  increases  with  increasing  discharge,  decreases 
with  increasing  bed  material  size,  and  increases  with  increasing  slope. 
For  this  case  the  exponent  for  the  bed  material  size  is  relatively 
small  compared  to  the  other  exponents. 

Mean  velocity  is  more  closely  estimated  by  mean  depth  and 
slope  than  by  mean  depth  and  bed  material  size.  The  best  fit 
relation  for  mean  velocity  by  considering  mean  depth  and  slope  to 
be  the  independent  variables  is: 
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VM  =  12.6- DM0 * 608 • S° • 288  EQUATION  5.45 

when  the  Gravel-1  data  and  the  2  year  flood  are  utilized.  About  50 
percent  of  the  variance  is  explained  by  this  relation. 

The  plotted  points  and  the  best  fit  line  for  the  velocity- 
discharge  relation  are  shown  in  FIGURE  5.22. 

5.5.6  Slope  Relations 

5.5.6. 1  Slope  Relations  Using  All  Gravel  River  Data 

The  slope  versus  discharge  plot  for  the  2  year  flood  is 
presented  in  FIGURE  5.23.  From  the  positions  of  the  plotted  points  in 
this  figure  it  is  apparent  that  the  slope-discharge  relation  is 
poorly  defined  when  compared  to  the  width-discharge  relation 
(FIGURE  5.18)  or  the  area-discharge  relation  (FIGURE  5.19)  for  the 
same  class  of  Gravel-1  rivers. 

The  best  fit  relation  for  estimating  slope  for  Gravel -1 
rivers  includes  discharge  and  bed  material  size  as  independent 
variables.  This  relation  for  the  2  year  flood  is: 

S  =  0.0965-Q_0-334-DG500,586  EQUATION  5.46 

This  is  one  of  the  few  relations  in  which  the  exponent  for  the  bed 
material  size  is  dominant.  The  coefficient  of  determination  for 
this  relation  is  0.43. 

When  slope  is  estimated  from  bed  material  size  alone,  the 
results  obtained  by  using  the  Gravel-3  screening  (at  least  3  bed 
material  sample  sites  per  reach,  see  SECTION  4.3)  are  better  than 
the  results  obtained  by  using  the  Gravel -1  reaches. 

For  Gravel-1  rivers  the  slope  is  essentially  a  function  of 
the  square  root  of  the  bed  material  size,  whereas  the  result  from  the 
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IGURE  5.23  SLOPE  VERSUS  DISCHARGE  FOR  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 
AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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Gravel -3  screening  shows  that  the  slope  is  essentially  linearly  related 
to  bed  material  size.  Hack  (1957)  found  that  the  slope  varied  in  an 
essentially  linear  relation  with  bed  material  size  for  drainage 
basins  with  areas  between  50  and  100  square  miles.  This  result  by 
Hack  compares  with  the  result  obtained  for  the  Gravel-3  rivers.  Less 
than  30  percent  of  the  variance  is  explained  for  the  slope-bed 
material  size  relation  when  the  Gravel-3  data  are  used. 

In  all  cases  the  introduction  of  the  slope  correction 
parameter,  SCOR,  results  in  a  reduction  in  the  overall  correlation 
when  the  simple  exponential  model  is  used. 

5. 5. 6. 2  Evaluation  of  Effect  of  Geomorphic  Features  on  the  Slope- 

Discharge  Relation  for  Gravel  Rivers 

Since  the  slope-discharge  relations  were  highly  variable, 

a  more  detailed  analysis  was  carried  out  to  attempt  to  reduce  the 

variance  for  subsets  of  the  Gravel -1  reaches  by  stratifying  the  slope 
data  according  to  certain  geomorphic  and  geoqraphic  criterion. 

The  two  subsets  used  for  this  analysis  of  the  Gravel -1 
river  reaches  were: 

1.  Terrain  at  the  Reach 

1.  Mountains  or  foothills 

2.  Plains 

2.  Relation  of  Channel  to  Valley  Bottom 

1.  Not  obviously  agqradinq  or  degrading 

2.  Partly  entrenched 


3.  Entrenched 
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The  data  were  also  stratified  accordinq  to  the  "Relation  of  the 
Channel  to  the  Valley  Walls"  and  according  to  the  "Relative  Depth  of 
Alluvium"  but  the  results  were  inconclusive.  A  detailed  description 
of  the  above  terms  is  presented  in  APPENDIX  G. 

The  summary  of  the  results  for  this  analysis  is  presented  in 
TABLE  5.2.  Based  on  the  available  data,  these  results  indicate 
that  there  is  no  significant  difference  at  the  5  percent  level  in  the 
functional  form  between  channels  in  the  plains  and  those  in  the 
mountains  or  foothills.  That  is,  the  exponent  for  the  reaches  in 
the  plains  falls  within  the  95  percent  confidence  limits  of  the 
value  of  the  exponent  obtained  for  the  reaches  in  the  mountains  or 
foothills,  and  vice  versa.  On  the  average  the  exponent  for  the 
channels  in  the  plains  is  less  than  that  for  reaches  in  the  mountains 
or  foothills.  Over  the  range  of  discharges  encountered  in  this 
study,  the  slope  in  the  mountains  is  about  four  times  the  slope  in 
the  plains  for  small  channels  (about  200  cfs.)  and  about  two  times 
the  slope  in  the  plains  for  the  large  channels  (about  100,000  cfs.). 
This  interpretation  should  be  considered  to  be  tentative,  since  the 
coefficient  of  determination  for  the  plains  rivers  was  only  about  0.26. 

When  considering  the  slope  equation  with  reqard  to  the 
relation  of  the  channel  to  the  valley  bottom,  it  is  noted  that  the 
exponent  for  the  reaches  which  are  entrenched  is  significantly 
different  from  the  exponent  for  those  reaches  which  are  partly 
entrenched.  In  all  cases  the  coefficient  of  determination  is 
relatively  high.  If  the  entrenched  reaches  are  compared  with  the 
reaches  which  are  not  obviously  aqgradinq  or  degrading,  it  is  found 
that  at  low  discharges  the  entrenched  channels  have  a  steeper  slope 
than  those  which  are  neither  aggrading  or  degrading.  For  a  discharge 
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RELATIONS  BETWEEN  SLOPE  AND  DISCHARGE  FOR  VARIOUS  GEOMORPHIC  SETTINGS  FOR  GRAVEL  RIVERS  SATISFYING 
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Not  significant  at  the  5%  level. 
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of  about  5,000  cfs.  the  slope  is  the  same  for  both.  The  best  fit 
slope-discharge  lines  for  the  different  relations  of  the  channel  to 
the  valley  bottom  are  shown  in  FIGURE  5.24. 

If  it  can  be  assumed  that  the  channels  which  are  not  obviously 
aggrading  or  degrading  are  in  a  long  term  equilibrium  with  the 
environment,  then  it  may  also  be  assumed  that  the  channels  which 
are  entrenched  are  in  the  process  of  adjusting  to  a  new  condition 
however  slow  this  slope  adjustment  may  be.  Actually  the  slope 
adjustment  must  be  relatively  slow,  since  other  results  of  this 
study  have  shown  that  all  classes  of  channels  essentially  maintain 
their  width-discharge,  area-discharge  adjustment  whether  the 
channel  is  entrenched  or  not. 

The  detailed  evaluation  of  slope  adjustment  is  very  complex 
and  is  beyond  the  scope  of  this  generalized  analysis  of  river  regime. 

For  example,  the  whole  region  or  at  least  the  plains  region  of  Western 
Canada  is  still  responding  to  the  removal  of  the  ice  load  from 
the  last  glaciation.  The  slopes  must  adjust  to  this  dynamic  response 
of  the  crust  of  the  earth.  Major  changes  in  geologic  structures  are 
also  reflected  in  the  slope  of  channels.  The  slopes  in  the  plains 
may  also  be  controlled  to  some  extent  by  pre-existant  regional  slopes 
as  suggested  by  Rubey  (1952). 

5. 5.6. 3  Comparison  of  S-Q  Relation  with  the  Leopold  and  Wolman 
Relations 

Other  investigators  have  studied  the  slope-discharge 
relation  for  rivers  with  regard  to  certain  geomorphic  features.  For 
example  Leopold  and  Wolman  (1957)  in  a  study  of  rivers  in  the  United 
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DISCHARGE,  Q,  IN  FTJ/S 

FIGURE  5.24  SLOPE-DISCHARGE  RELATIONS  FOR  VARIOUS  RELATIONS  OF  THE  CHANNEL  TO 
THE  VALLEY  BOTTOM  FOR  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING  AND 
FOR  A  CHARACTERISTIC  DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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States  found  that  braided  or  split  rivers  could  be  separated  from 
single  thread  meandering  rivers  by  a  line  given  by  the  following 
expression: 

S  =  0.06-Q"0,44  EQUATION  5.47 

where  the  discharge  was  the  bankful  1  discharge  in  cfs.  The  braided 
or  split  river  reaches  utilized  by  Leopold  and  Wolman  plotted  above 
the  line  given  by  EQUATION  5.47. 

FIGURE  5.25  is  a  plot  of  the  Gravel -1  data  used  in  this 
analysis  for  a  discharge  corresponding  to  the  valley  flat.  The  value 
of  the  third  parameter  is  the  slope  correction  parameter,  SCOR.  This 
parameter  could  have  relatively  high  values  for  braided  channels  or 
for  a  meandering  channel.  Channels  which  are  relatively  straight  and 
without  islands  have  values  near  1.3  (See  SECTION  4.5).  The  data  in 
this  plot  do  not  clearly  distinguish  between  the  two  types  of  channel, 
since  it  is  expected  that  channels  with  low  values  of  SCOR  should  be 
located  near  the  Leopold  and  Wolman  line. 

FIGURE  5.26  is  a  similar  plot  except  that  the  third 
parameter  is  sinuosity  and  the  symbols  for  the  plotted  points 
represent  the  island  code  for  the  reach.  The  position  of  the 
plotted  points  indicate  that  those  reaches  which  are  split,  braided, 
or  have  frequent  islands,  fall  above  the  line  suggested  by  Leopold 
and  Wolman.  The  sinuosity  for  the  reaches  with  no  islands  near  the 
dividing  line  is  quite  low  while  the  sinuosity  is  relatively  hiqh 
for  the  reaches  with  no  islands  and  which  are  plotted  at  a  position 
remote  from  the  Leopold  and  Wolman  line. 

Based  on  the  data  from  Alberta  gravel  rivers,  the  single 
thread  channels  with  no  islands  generally  fall  below  or  near  the 
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FIGURE  5.25  SLOPE  VERSUS  DISCHARGE  FOR  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING  AND 
FOR  DISCHARGES  CORRESPONDING  TO  THE  ELEVATION  OF  THE  VALLEY  FLAT 
(SYMBOLS:  RELATION  OF  CHANNEL  TO  VALLEY  BOTTOM) 
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DISCHARGE  CORRESPONDING  TO  VALLEY  FLAT,  Q@VF,  IN  FT/S 

FIGURE  5.26  SLOPE  VERSUS  DISCHARGE  FOR  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 
AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  ELEVATION  OF  THE  VALLEY  FLAT 
(SYMBOLS:  ISLAND  CODE) 
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line  defined  by  the  following  equation: 


EQUATION  5.48 


Only  one  case  with  occasional  islands  falls  below  this  line.  The 
functional  form  of  this  expression  is  the  same  as  that  given  by 
Leopold  and  Wolman  (1957). 

5.5.7  Manning  "n"  Relations 

The  estimation  of  this  parameter  has  been  studied  in 
some  detail,  since  it  is  familiar  to  many  practicing  engineers. 

One  problem  encountered  when  evaluating  "n"  from  the 
following  definition  is  that  DM,S  and  VM  are  all  subject  to  error: 


0.667^0.500^^ 


n  =  1 .486 -DM 


EQUATION  5.49 


A  maximum  error  for  "n"  is  about  75  percent  when  considering  the 
reasonable  maximum  errors  of  DM,S  and  VM. 

The  results  in  this  section  are  presented  under  two  main 
groupings;  first,  those  relations  whereby  the  value  of  Manning  "n" 
is  estimated  by  one  independent  variable;  and  second,  those  relations 
involving  more  than  one  independent  variable  for  the  estimation  of 
"n". 

5. 5. 7.1  Relations  Involving  One  Independent  Variable 

The  best  estimate  of  "n"  for  the  Gravel-1  rivers  is  obtained 
by  using  slope  as  the  independent  variable.  For  the  2  year  flood, 
the  expression  is: 


n  =  0.107-S0*183 


EQUATION  5.50 


Only  about  35  percent  of  the  variance  is  explained  by  this  relation. 
This  estimation  of  "n"  results  in  a  degree  of  spurious  correlation, 
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since  S  has  already  been  considered  in  the  computation  of  "n"  as  a 
dependent  variable.  If  the  estimate  of  "n"  given  by  EQUATION  5.50 
is  substituted  in  the  Manning  equation,  the  expression  for  the 
mean  velocity  becomes 

VM  =  13.9-DM°*667-S0-317  EQUATION  5.51 

The  coefficient  and  exponents  for  the  best  fit  relation 
between  mean  velocity,  mean  depth  and  slope  are  12.6,  0.608  and 
0.288  respectively  (See  EQUATION  5.45).  The  comparable  coefficient 
and  exponents  given  by  Lacey  (1933)  are  16.0,  0.667  and  0.333 
(See  EQUATION  5.4  ).  Since  the  result  presented  in  EQUATION  5.51  is 
very  similar  to  the  Lacey  equation,  it  is  recommended  that  the  Lacey 
type  velocity  equation  be  used  more  frequently  when  estimating  the 
mean  velocity  for  relatively  high  flows  since  no  estimate  of  "n" 
is  required. 

The  data  points  for  the  "n"-discharge  relation  are  shown 
in  FIGURE  5.27  along  with  the  best  fit  line  for  the  estimation  of  "n" 
from  Gravel -1  rivers  for  a  discharge  corresponding  to  the  2  year 
flood.  There  is  no  apparent  grouping  of  the  plotted  points 
according  to  the  relation  of  the  channel  to  the  valley  bottom. 

Based  on  the  Gravel -1  rivers,  the  estimates  of  "n" 
resulting  from  the  consideration  of  bed  material  size  alone  is  very 
poor,  with  a  coefficient  of  determination  less  than  0.100.  For 
these  poor  correlations ,  the  result  obtained  by  using  the  median 
size,  DG50,  is  as  good  as  that  obtained  by  using  the  DG90  size.  The 

relation  for  the  2  year  flood  is: 

0.180 


n  =  0.048-DG50 


EQUATION  5.52 
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FIGURE  5.27  MANNING  "n"  VERSUS  DISCHARGE  FOR  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR 
DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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Chow  (1959)  gives  the  average  coefficient  and  exponent  obtained  by 
Strickler  from  a  study  of  Swiss  rivers  for  the  exponential  relation 
between  "n"  and  median  bed  material  size  as: 

n  =  0. 0342 -DG500, 167  EQUATION  5.53 

The  coefficient  and  exponent  for  this  equation  are  very  similar  to 
those  obtained  for  the  comparable  Gravel -1  rivers  used  in  this  study. 
The  plotted  points  for  the  "n"-DG50  relation  are  shown  in  FIGURE  5.28a 
along  with  the  best  fit  line. 

The  results  obtained  by  using  the  data  for  the  Gravel -3 
screening  were  better  than  those  obtained  by  using  the  Gravel -1 
screening  when  bed  material  size  alone  was  used  to  estimate  the 
value  of  the  Manning  "n".  The  plotted  points  and  the  best  fit  "n" 
-DG50  relation  are  presented  in  FIGURE  5.28b  for  the  case  of  the 
Gravel -3  screening  and  for  a  discharge  corresponding  to  the  2  year 
flood.  Although  the  exponents  are  quite  different  for  the  Gravel -1 
and  the  Gravel -3  screenings,  the  overall  results  are  similar  over 
the  range  of  DG50  from  0.075  ft.  (23  mm.)  to  0.25  ft.  (76  mm.). 

Another  analysis  involving  the  bed  material  size  was 
carried  out  between  the  parameter  n/(DG50)°’ 167  and  the  relative 
depth,  DM/DG50.  FIGURE  5.29  shows  a  plot  of  n/DG500J67  against 
relative  depth  for  Sand-1  and  Gravel -1  rivers  along  with  the  best 
fit  line  for  the  Gravel -1  rivers.  The  results  of  this  plot 
indicate  that  in  the  gravel  range  the  parameter  n/DG500,167 
is  not  constant,  but  shows  a  slight  decrease  with  increasing  values 
of  DM/DG50.  The  regression  equation  fitted  to  the  data  for  a 
discharge  corresponding  to  the  2  year  flood  and  for  the  Gravel -1 


screening  is: 


, 


■ 


MANNING  "n"  MANNING 
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a)  Data  for  Gravel-1  Screening 


b)  Data  for  Gravel -3  Screening 


FIGURE  5.28 


MANNING  "n"  VERSUS  DG50  FOR  GRAVEL  RIVERS  AND  FOR 
DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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FIGURE  5.29  MANNING  V/DG50  VERSUS  RELATIVE  DEPTH  FOR  RIVERS  SATISFYING  THE  GRAVEL-1  OR 
SAND-1  SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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n/(DG50)°’ 1 67  =  0.0682* (DM/DG50)-0* 1 14  EQUATION  5.54 

and  for  the  Gravel -3  screening  is: 

n/(DG50)°- 167  =  0 . Ill • (DM/DG50)-0 ,242  EQUATION  5.55 

The  analysis  was  also  carried  out  by  using  DM0'167  to 
form  a  dimensionless  ratio  with  "n".  The  resulting  equation  for  the 
2  year  flood  and  the  Gravel -1  screening  is: 

n/DM0,167  =  0.0682* (DM/DG50)"0,281  EQUATION  5.56 

and  for  the  Gravel -3  screening  is: 

n/DM0'167  =  0 . Ill • ( DM/DG50 ) "° * 409  EQUATION  5.57 

An  approximate  equation  obtained  from  data  presented  by  Limerinos 
(1970)  for  relative  depths  between  4  and  100  is  as  follows: 

n/DM0'167  =  0.055* (DM/DG)-0*23  EQUATION  5.58 

The  bed  material  size  used  in  this  case  was  a  weighted  size  involving 
DG16,  DG50  and  DG84  sizes.  The  overall  estimate  of  DG  is  not 
substantially  different  from  the  DG50  size  when  the  relatively 
small  exponent  is  considered.  If  the  DG50  size  is  accepted  to  be 
equivalent  to  the  value  of  DG  used  by  Limerinos,  the  results  are 
very  similar  to  those  obtained  for  the  Gravel -1  screening.  Based 
on  the  analysis  of  the  Gravel -1  river  reaches,  the  coefficient  of 
determination  for  the  n/DM0’167  relation  is  0.37  and  for  the  n/DG50°* 
relation  is  0.09.  Each  relation  has  a  standard  error  of  0.12. 

5. 5. 7. 2  Relations  Involving  More  than  One  Independent  Variable 

When  more  than  one  parameter  are  introduced  as  independent 
variables  for  the  estimation  of  "n",  the  results  are  generally 
better  than  when  only  one  independent  variable  is  used.  For  the 
Gravel -1  screening  ,  the  best  estimate  of  "n"  may  be  made  by  using 
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field  measurements  of  the  average  slope,  and  an  estimate  of  the  form 
factor.  For  the  2  year  flood,  the  best  fit  relation  is: 

n  =  0.208-S0, ,58-FF~0,213  EQUATION  5.59 

where  FF  is  the  form  factor.  About  40  percent  of  the  variance  is 
explained  by  this  best  fit  equation. 

5.5.8  Comparison  of  Discharge  Relations 

The  exponential  form  of  the  width-discharge,  area-discharge, 
depth-discharge,  form  factor-discharge,  veloci ty-discharge  ,and 
Manning  "n"-discharge  relations  may  be  compared  with  the  exponential 
forms  given  by  Lacey  (1929,  1933)  and  Blench  (1969a)  and  with  the 
exponential  forms  given  by  Leopold  and  Maddock  (1953). 

The  basic  exponents  for  the  equations  of  Lacey  and 
Blench  are  the  same,  however,  the  coefficients  differ  to  some  extent. 

It  is  to  be  noted  that  the  Lacey-Blench  equations  should  be  applicable 
to  duned  sand  bed  channels,  with  a  discharge  equal  to  the  formative 
or  dominant  discharge. 

The  exponents  given  by  Leopold  and  Maddock  (1953)  were 
derived  from  an  analysis  of  sand-bed  and  gravel  rivers  for  which  the 
characteristic  discharge  was  selected  to  be  the  mean  annual  discharge 
or  essentially  the  long  term  mean  discharge. 

All  results  are  presented  in  TABLE  5.3.  Based  on  this 
summary,  the  Lacey-Blench  exponents  are  close  to  those  derived  from 
this  study  except  for  those  of  slope  and  Manning  "n"  when  the  discharge 
at  the  valley  flat  or  the  2  year  flood  are  used  as  estimates  of 
the  dominant  discharge. 

The  reported  Leopold  and  Maddock  exponents  do  not  compare 
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Characteristic  discharges:  VF  =  Valley  Flat;  2YF  =  2  year  flood;  LTM  -  Lonq-term  mean. 
Sample  size  for  VF  =  41 ,  2YF  =  70,  and  LTM  =  71. 

Exponents  for  Lacey-Blench  equations  based  on  dominant  discharge,  and  exponents  for 
Leopold  and  Maddock  (1953)  expressions  based  on  the  mean  annual  discharge. 
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favorably  with  the  exponents  for  the  Gravel -1  reaches  when  the  long 
term  mean  discharge  is  used  as  the  characteristic  discharge.  Based  on 
the  data  in  TABLE  5.3,  the  Leopold  and  Maddock  exponents  are  closer 
to  the  exponents  obtained  by  using  the  discharge  corresponding 
to  the  valley  flat  or  the  two  year  flood  than  to  the  exponents 
obtained  by  using  the  long  term  mean  discharge. 

5.6  Dimensional  Analysis 

5.6.1  The  Statement  of  the  Problem 

Dimensional  analysis  provides  a  means  of  organizing  the 
study  of  certain  natural  phenomena  when  a  proper  statement  of  the 
problem  is  made.  When  the  relevant  parameters  are  identified 
numerics  or  dimensionless  variables  are  obtained  and  the  data  are 
analyzed  according  to  the  derived  numerics.  By  using  this  approach 
it  may  be  possible  to  identify  different  phases  and  a  physical 
basis  may  be  developed  to  explain  the  occurrance  of  these  different 
phases.  A  further  analysis  may  be  carried  out  to  determine  functional 
relations  for  the  different  identified  phases. 

One  statement  of  the  problem  adapted  from  Blench  (1969a) 
for  a  class  of  natural  channels  is  as  follows: 

A  characteristic  fluid  discharge,  Q,  and  wash  load,  Cw, 
with  a  composite  kinematic  viscosity,  v,  and  density ,p  ,  flows  in  a 
natural  channel  of  deep  alluvium  with  no  lateral  constraints  and  with 
a  bed  characterized  by  a  size,  DG,  and  a  density,  ps.  The  shapes 
and  distribution  of  the  bed  material  are  characterized  by  nondimensional 
factors  represented  by  X _  Similarly  the  banks  are  characterized 
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by  DG',  ps',  and  X'....  The  bed  material  transport  supplied  at 
the  upper  end  of  the  reach  is  Cb.  The  motion  takes  place  in  the 
earth's  field  of  body  force, where  the  acceleration  due  to  gravity  is  g. 

When  all  of  the  above  factors  have  been  imposed  the  channel 
will  adjust  itself  to  have  a  unique  space-mean  width,  WSM;  depth,  DM; 
and  a  unique  dissipation  of  energy  per  unit  mass  per  unit  length  along 
the  flow,  gS.  There  will  also  be  a  definite  mean  velocity,  VM.  In 
addition,  bed  forms  and  a  characteristic  channel  plan  will  result. 

The  above  statement  of  the  problem  assumes  that  the  slope 
is  free  to  adjust,  since  there  are  no  geologic  controls  imposed 
on  the  channel.  The  case  of  an  imposed  slope  is  considered  in 
SECTION  5.6.5. 


The  statement  may  be  written  in  the  following  general 
functional  form,  omitting  any  aspects  regarding  bed  forms  or 
channel  plan: 

WSM,  DM,  gS,  VM  =  <f>  (Q,  Cw,  v,  p,  DG,  ps,  X...,  DG',  ps '  , 

X'...>Cb,  g) 


EQUATION  5.60 


The  expression  merely  states  that  width,  depth,  energy  degradation 
rate,  or  mean  velocity  is  a  function  of  the  variables  on  the  right. 

Various  assumptions  and  simplifications  can  be  made  to 
reduce  the  number  of  variables.  For  example,  ps'^ps  and  X1...  ^X... 
for  the  case  of  sand  and  gravel  banks.  If  the  banks  are  cohesive, 
this  simplification  may  not  be  made.  The  effect  of  Cw  would  primarily 
be  noted  in  v  and  p,  although  it  may  also  change  the  turbulent 
structure  of  the  flow  at  high  concentrations.  For  many  gravel 
rivers  it  is  possible  to  neglect  the  effect  of  the  wash  load,  Cw. 

Since  DG'  cannot  be  rejected,  the  above  functional  form  must  be 
written  for  a  class  of  rivers  with  a  similar  type  of  bank  material. 


- 
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One  major  difficulty  encountered  in  a  study  of  natural  channels 
is  the  evaluation  of  the  term  Cb.  Little  or  no  data  are  available 
and,  consequently,  it  is  necessary  to  adopt  the  results  from  flume 
experiments  when  considering  the  relative  importance  of  the  term. 

If  these  assumptions  are  accepted,  then  the  following 
simplified  functional  statement  should  apply  for  a  given  class  of 
rivers : 

WSM,  DM,  gS,  VM  =  <f>  (Q,  v,  p  ,DG,  Ps,  X...  Cb,  g) 

EQUATION  5.6 

Details  concerning  the  development  of  dimensionless  ratios, 
or  numerics,  are  given  in  Streeter  (1966),  or  Blench  (1969a). 

5.6.2  Numerics  from  the  Adopted  Functional  Statement 

This  section  considers  some  of  the  numerics  which  can  be 
obtained  from  the  statement  of  the  problem  represented  in  functional 
form  by  EQUATION  5.6.  When  developing  the  various  numerics,  the 
variables,  p,  ps,  X...,  and  Cb  will  not  be  replaced.  There  are 
nine  variables  in  any  particular  evaluation,  and  consequently,  six 
numerics  will  be  required  to  describe  the  problem.  Of  these  six, 
three  of  the  numerics  will  be  ps/p  ,  X...  and  Cb.  The  other  three 
will  be  given  for  the  width,  depth,  area,  slope,  Froude  number,  and 
friction  factor  relations. 

5. 6. 2.1  Width,  Depth  and  Area  Numerics 

Three  numerics  in  addition  to  ps/p  ,  X...  and  Cb  for 
the  width  relation  may  be  stated  as: 

WSM-g°'20/Q0'40,  DG-g°'20/Q0,40,  (v-g)°*333-DG/v 

WSM-g0'20  /Q° * 40 ,DG • g° ‘ 20/Q° ‘ 40 , S 


i  o£*  t»  v\ir‘  ^  *w 
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For  the  case  of  gravel  rivers,  the  value  of  ps/p  will  be  constant 
and  the  effect  of  v  should  be  small,  since  viscosity  does  not 
have  a  great  influence  on  the  fall  velocity  of  gravel  size  particles. 
Studies  from  rigid  boundary  hydraulics  also  show  that  kinematic 
viscosity  is  unimportant  for  fully  developed  turbulent  flows  over 
rough  boundaries.  If  a  threshold  type  of  analysis  is  considered,  the 
term  Cb  goes  to  zero.  The  numeric  WSM*g0‘20/Q0,40  was  used  by 
Kellerhals  (1970)  for  a  study  of  small  mountain  streams.  The 
numeric  (vg)0’ 333. DG/v  was  introduced  by  Blench  and  Erb  (1957) 
and  is  commonly  called  the  Vig  number. 

Similar  numerics  may  be  obtained  for  evaluating  the  mean 
depth  by  replacing  WSM  by  DM  and  for  evaluating  the  mean  area  by 
replacing  WSM  by  AM0’500. 

5. 6. 2. 2  Numerics  Involving  Slope 

The  three  numerics  ps/p  ,  X...  and  Cb  are  retained.  By  a 
suitable  change  of  variables,  the  following  numerics  may  be 
establ ished: 

S,  DM/DG,  DG  *  g°  *  20/Q°  * 40 
S,  WSM/DM,  DG*g0,20/Q°‘40 

Of  course  other  sets  of  numerics  may  also  be  developed. 

The  first  two  numerics  in  the  first  set  above,  along  with 
that  of  charge,  Cb,  have  been  used  by  Cooper  (1970)  for  a  comprehensive 
analysis  of  world  flume  data. 

5. 6. 2. 3  Numerics  Involving  the  Froude  Number 

By  making  certain  substitutions  in  the  adopted  functional 
relation,  various  numerics  involving  the  square  of  the  Froude  number 
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may  be  developed.  Three  sets  of  three  numerics  for  this  case  are: 
VM2/(g-DM) ,  DM/DG, S 
VM2/(g -DM) ,DM/DG ,WSM/DM 
p • VM2/ ( y ' • DM) , DM/DG ,WSM/DM 

The  first  two  numerics  in  the  first  set  of  three  in  this 
group  are  those  used  by  Blench  (1969b)  to  illustrate  the  different 
phases  encountered  in  the  study  of  river  behaviour.  Cooper  (1970)  used 
the  first  two  in  the  third  set  of  numerics  along  with  charge  for  the 
analysis  of  flume  data.  The  first  numeric  of  this  set  is  the  square 
of  the  densiometric  Froude  number. 

The  numerics  involving  the  square  of  the  Froude  Number  in 
the  above  groupings  are  not  extensively  used  in  the  literature.  It  is 
difficult  to  attach  a  physical  meaning  to  the  Froude  Number  as  it  is 
incorporated  in  some  of  the  above  forms;  however,  the  numerics  are  valid 
based  on  the  statement  of  the  problem. 

5. 6. 2. 4  Numerics  Involving  the  Friction  Factor 

The  friction  factor,  f,  may  be  defined  for  open  channels  as: 
f  =  8.0-g-DM-S/VM2  EQUATION  5.62 

The  term  VM  /g-DM-S  is  inversely  proportional  to  the  friction  factor. 

By  a  suitable  replacement  of  variables  in  the  adopted  general 
functional  relation,  some  of  the  possible  sets  of  three  resulting 
numerics  are: 


VM2/(g-DM-S) , 

VM-WSM/v, 

WSM/DM 

VM2/(g -DM-S) , 

VM-DM/v  , 

WSM/DM 

VM2/(g -DM-S) , 

VM-WSM/v, 

DM/DG 

VM2/(g -DM-S) , 

VM-DM/v  , 

DM/DG 

The  first  two  numerics  in  the  first  set  in  this  group  are  those  used  by 
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King  (1943)  to  develop  the  slope  equation  for  duned  sand-bed  canals. 

The  square  root  of  the  first  numeric  and  the  third  numeric  in  the  third 
set  were  used  by  Kellerhals  (1967)  in  the  development  of  a  set  of 
regime  equations  for  paved  gravel  channels. 

The  viscosity  terms  are  introduced  only  to  make  comparisons 
with  the  results  obtained  from  duned  sand-bed  canals.  The  viscosity 
term  should  have  no  physical  significance  for  the  fully  developed 
turbulent  flow  prevailing  in  gravel  rivers. 

5.6.3  The  Simplest  Relations 

The  above  sets  of  numerics  were  based  on  a  relatively  complete 
statement  of  the  problem.  If  it  is  assumed  that  discharge  and  the 
gravitational  effect  are  the  only  important  imposed  variables,  or  if  all 
other  variables  are  constant,  the  functional  form  may  be  stated  as: 

WSM,DM,gS,  VM  =  <p  (Q,g)  EQUATION  5.63 

In  such  a  case  the  width  numeric  may  be  stated  as  follows: 

WSM-g°‘20/Q0'40  =  constant  EQUATION  5.64 

In  a  similar  manner  a  depth  numeric  and  an  area  numeric  may  be  developed. 

By  making  suitable  replacements  in  the  above  shortened 
functional  relation,  the  following  Froude  numeric  results: 

VM2/(g*DM)  =  constant  EQUATION  5.65 

and  the  friction  factor  numeric  is  given  as: 

VM  /(g-DM-S)  =  constant  EQUATION  5.66 

Other  sets  of  numerics  may  be  developed  by  introducing 
more  of  the  relevant  variables  into  the  functional  form  of  EQUATION  5.63 
until  all  of  the  relevant  parameters  are  considered. 


■ 
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5.6.4  Threshold  Case 

For  the  threshold  analysis  the  bed  material  transport 
approaches  zero,  so  the  functional  form  may  be  stated  as  follows: 

WSM,  DM,  gS,  VM  =<p(Q,  v,  p  ,DG,  Ps,  X...,g)  EQUATION  5.67 

By  a  suitable  replacement  of  variables,  the  following  two  sets  of 
five  numerics  may  be  obtained: 

p-VM2/(y'  DG),  DM/DG,  fo.g)°-333-DG/v  ,  pS/p.X.... 
y-DM-S/y' -DG50) .(g-DM-S)0'500  -DG/p  , DM/DG,  ps/p  ,  X... 

The  first  two  numerics  of  the  first  set  were  those  used  by  Neill 
(1968)  and  the  first  two  numerics  of  the  second  set  were  used  by 
Shields  (1936)  for  an  analysis  of  flume  experiments  related  to  the 
initiation  of  motion. 

5.6.5  Slope  as  an  Imposed  Variable 

The  initial  statement  of  the  problem  could  have  been  made  for 
the  case  where  the  slope  was  imposed;  that  is,  for  reaches  with 
shallow  alluvium  and  which  are  controlled  by  bedrock  or  by  some  other 
geologic  control.  In  this  case  the  initial  statement  would  be: 

WSM,  DM,  VM  =  <P  (Q,  v,  p,  DG,  ps,  X..,Cb,  gS,  g)  EQUATION  5.68 
This  restatement  of  the  problem  results  in  seven  numerics  rather 
than  six  in  the  former  statement  with  the  slope  being  free  to  adjust. 

If  the  first  statement  of  the  problem  represented  by 
EQUATION  5.60  is  used  as  the  basis  for  an  analysis  of  river  behavior, 
it  is  essential  that  river  reaches  which  have  their  slope  controlled 
by  the  presence  of  lag  material,  bedrock  outcrops  ,  etc.,  be  omitted 
from  the  analysis.  Only  those  reaches  which  definitely  have  their 
slope  controlled  by  some  local  geologic  control  should  be  analyzed 
by  using  EQUATION  5.68  as  a  basis. 
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5.6.6  Summary 

Several  sets  of  numerics  have  been  proposed  for  the 
statement  of  the  problem  expressed  by  EQUATION  5.60.  Obviously,  other 
sets  of  numerics  could  also  have  been  considered  for  the  same 
statement  of  the  problem.  The  main  numerics  which  are  used  in  this 
analysis  are  as  follows: 


NUMERIC 

NAME  FOR  NUMERIC 

WSM-g0'20/Q°*40 

Width  Numeric 

DM-g°‘20/Q0,40 

Depth  Numeric 

AM-g°*40/Q0-80 

Area  Numeric 

DG • g°  *  20/q°  * 40 

Bed  Material  Size 

Numeric 

WSM/DM 

Form  Factor 

DM/DG50 

Relative  Depth 

VM2/(g-DM) 

o 

(Froude  No. ) 

VM2/(g-DM-S) 

Friction  Factor  Numeric 

S 

Slope 

VM-WSM/v 

King  Parameter 

VM-DM/v 

Reynolds  Number 

p-VM2/(  y'  •  DG50) 

Mobility  Number 

rDM-S/(  y' -DG50) 

Shields  Parameter 

(g.DM-S)°'500-DG50/v 

Particle  Reynolds 

Number 

The  names  adopted  for  some  numerics  are  not  widely  used,  but 
have  been  employed  to  facilitate  the  discussion  of  the  results. 

5.7  Testing  of  Dimensionless  Forms 

The  basic  data  were  used  to  make  plots  and  to  develop 
equations  of  an  exponential  form  by  utilizing  some  of  the  dimensionless 
parameters  presented  in  the  last  section. 
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For  the  plots,  the  values  of  a  third  numeric  were  printed  by 
the  plotted  points  for  the  gravel  range.  However,  in  most  cases  the 
data  did  not  show  any  clear  phases  or  groupings.  In  some  cases,  the 
data  were  close  to  one  another  and  the  third  parameter  was  difficult 
to  separate  visually  on  the  plots. 

As  an  alternate  approach,  it  was  assumed  that  the  most  important 
numerics  for  the  gravel  range  could  be  assumed  to  be  of  an  exponential 
form.  That  is: 

NUMERIC  1  =  a- (NUMERIC  2)b* (NUMERIC  3)c  EQUATION  5.69 

This  assumption  should  be  tested  further,  but  it  provides  a  frame¬ 
work  for  the  analysis  in  this  section. 

All  detailed  results  are  presented  in  Appendix  L  for  the 
Gravel -1  screening  and  for  discharges  corresponding  to  the  2  year 
flood  or  to  the  elevation  of  the  valley  flat.  The  following  sections 
present  some  discussion  related  to  the  findings  for  this  class  of 
rivers . 

5.7.1  Width,  Area,  and  Depth  Relations 

The  simplest  dimensionless  relation  for  evaluating  width 

was : 

WSM-g°*20/Q0-40  =  constant  EQUATION  5.64 

For  the  2  year  flood  the  constant  was  14.5.  Consequently,  the 
width  numeric  may  be  rewritten  to  give  the  following  equation: 

WSM  =  7.25* Q° * 40  EQUATION  5.70 

The  comparable  best  fit  width-discharge  relation  obtained  for  this 


investigation  of  Alberta  gravel  rivers  was: 
WSM  =  2.38-Q0,527 


EQUATION  5.38 


. 
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In  a  similar  manner  comparable  expressions  were  developed  for 
area  and  depth. 

A  comparison  of  the  width,  depth,  and  area  values  estimated 
by  the  appropriate  numerics  and  by  the  best  fit  relations  are 
presented  in  TABLE  5.4  for  the  case  of  the  minimum  2  year  flood  and 
the  maximum  2  year  flood  used  in  the  analysis.  The  greatest  deviation 
at  the  extreme  end  of  the  discharge  range  covered  by  the  data  was 
67  percent. 

Next  a  series  of  computations  were  carried  out  by 
considering  two  numerics.  The  first  test  was  to  determine  if  the 
slope  numeric  or  the  bed  material  size  numeric  were  most  closely 
associated  with  the  width,  area  and  depth  numerics.  For  those  cases 
where  the  bed  material  numeric  is  best,  the  DG50  size  is  as  good 
as  or  better  than  the  DG90  size. 

The  best  fit  equation  involving  the  width  numeric  and  bed 
material  size  numeric  is: 

WSM-g0,20/Q0,40  =  (DG50*g°‘20/Q-0'24 1 )  EQUATION  5.71 

which  transforms  to: 

WSM  =  2.00-Q°*496-DG50"0-240  EQUATION  5.72 

The  best  fit  relation  obtained  by  using  the  standard  multiple  linear 
regression  without  dimensional  considerations  was: 

WSM  =  2.08-Q°-528-DG50"°*070  EOUATION  5.73 

The  coefficient  of  determination  was  0.96  for  the  best  fit  relation 
and  was  0.48  for  the  case  where  the  two  numerics  were  used  in  the 
regression  for  EQUATION  5.72.  The  exponent  for  the  bed  material 
size  resulting  from  the  analysis  based  on  the  two  numerics  is  over 
three  times  as  large  as  that  for  the  best  fit  relation  in  EQUATION  5.73. 
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300,000  cfs . 

The  discharge  for  equivalence  is  the  discharge  for  which  the  value  of  the  parameter  estimated 
from  the  dimensionless  ratio  (or  numeric)  is  equal  to  the  value  of  the  parameter  estimated  from 
the  best  fit  relation. 
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The  correlation  between  the  two  numerics  is  a  spurious 
correlation  as  pointed  out  by  Benson  (1965).  EQUATION  5.71  is  actually 
of  the  form: 


l  Z  a 


X 


where:  A  = 


qO. 40^  0.20 


EQUATION  5.74 


Y  =  WSM 


X  =  DG50 

The  plot  of  the  width  numeric  versus  the  bed  material 
numeric  is  presented  in  FIGURE  5.30.  No  clear  grouping  of  the  data 
is  apparent  when  the  plotted  symbols  for  the  relation  of  the  channel 
to  the  valley  bottom  are  considered. 

The  best  estimate  of  the  area  numeric  is  obtained  when  it  is 
related  to  slope  rather  than  when  it  is  related  to  the  bed  material 
numeric.  The  best  result  is: 

AM-g°-40/Q0-80  =  1 .13* S-0 * 2 1 1  EQUATION  5.75 

which  can  be  restated  as: 

AM  =  0.282‘Q0,800-S-0*21 1  EQUATION  5.76 

The  comparable  best  fit  line  from  a  regression  analysis  of  the 
individual  parameters  is: 

AM  =  0.290-Q°-780-S"°-234  EQUATION  5.34 

The  coefficient  of  determination  was  0.99  for  the  best  fit  relation 
and  was  0.58  for  the  case  where  the  two  numerics  were  used  in  the 
regression  for  EQUATION  5.75.  The  form  of  the  rewritten  equation 
based  on  dimensional  considerations  is  very  similar  to  that 
obtained  by  the  best  fit  multiple  linear  regression  of  the  individual 
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FIGURE  5.30  DIMENSIONLESS  PLOT  OF  WSM-g  /Q  VERSUS  DG50-gu,^7Q  u  FOR  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE 
2  YEAR  FLOOD 
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This  result  implies  that  the  discharge  and  slope  are  the 

independent  variables  which  best  define  cross-sectional  areas.  If  the 

o 

value  of  the  coefficient  of  determination,  r  ,  is  considered  to  be  a 
measure  of  best  fit,  the  area  is  more  highly  related  to  discharge  and 
slope  than  to  discharge  and  bed  material  size  as  shown  below: 


Area  is  a  function  of 

r2 

discharge 

0.97 

discharge  and  slope 

0.99 

discharge  and  bed  material  size 

0.97 

These  results  also  show  the  dominant  influence  of  discharge  alone. 

A  plot  of  the  area  numeric  versus  slope  is  presented  in 
FIGURE  5.31. 

Finally  a  comparison  is  made  for  the  mean  depth  relations. 
When  only  two  numerics  are  used,  the  depth  numeric  and  the  bed 
material  numeric  give  the  best  results  for  the  discharge  corresponding 
to  the  2  year  flood.  However,  even  the  best  relation  is  poor  for 
only  about  10  percent  of  the  variance  is  explained. 

The  plot  of  the  depth  numeric  versus  the  bed  material 
size  numeric  is  presented  in  FIGURE  5.32. 

If  a  third  numeric  is  introduced,  the  regression  equations 
involving  the  width,  area,  and  depth  numerics  are  improved  somewhat. 

5.7.2  Dimensionless  Slope  Equations 

Several  analyses  were  made  to  evaluate  slope  by  considering 
the  bed  material  numeric,  or  the  form  factor,  or  the  relative  depth 
as  an  independent  variable.  All  coefficients  of  determination  for 
the  above  relations  were  higher  for  the  characteristic  discharge 
corresponding  to  the  valley  flat  than  for  the  2  year  flood. 


- 


. 


194 


fc 


oo 


UJ 

CX. 

O 


UO 


08* 0^^017  •06*WV 


FIGURE  5.31  DIMENSIONLESS  PLOT  OF  AM* gu* HU/Q  VERSUS  SLOPE  FOR  RIVERS  SATISFYING 
THE  GRAVEL-1  SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR 
FLOOD 
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When  only  one  numeric  is  used  to  predict  the  slope,  the  relative 
depth  gives  the  most  acceptable  results.  The  expression  for  this 
relation  for  a  discharge  corresponding  to  the  2  year  flood  is: 

S  =  0.0449- (DM/DG50)"0'945  EQUATION  5.77 

This  relation  implies  that  slope  is  almost  inversely  proportional  to 
the  relative  depth. 

If  it  is  accepted  that  the  above  relation  may  be  rewritten  as: 

S  (DM/DG50)-1 -°° 

then 

DM-S  DG50 
and 

y-DM-S  =  C-DG50  EQUATION  5.78 

This  result  indicates  that  shear  stress  is  directly  proportional 
to  the  bed  material  size.  The  Shields  initiation  of  motion  criterion 
for  fully  developed  turbulent  flow  is  of  the  same  form. 

The  plotted  points  and  the  best  fit  line  for  the  slope- 
relative  depth  relation  are  shown  in  FIGURE  5.33  for  the  Gravel-1 
rivers  and  for  a  discharge  corresponding  to  the  2  year  flood.  The 
data  points  for  the  reaches  which  are  not  obviously  aggrading  or 
degrading  fall  above  the  best  fit  line  in  essentially  all  cases. 

A  similar  plot  is  shown  in  FIGURE  5.34a  which  includes  Gravel-1  and 
Sand-1  river  data  superimposed  on  the  generalized  relations  obtained 
by  Cooper  (1970).  In  FIGURE  5.34b  the  slope  adjustment  parameter, 

SCOR,  has  been  applied  to  make  the  field  slopes  comparable  to  the 
flume  slope. 

The  plots  with  the  Cooper  lines  on  them  show  that  there  is 
an  overlap  between  flume  experiments  and  field  data  for  the  case  of  rela- 
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SLOPE,  S,  IN  FT/FT 
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FIGURE  5.33  DIMENSIONLESS  PLOT  OF  SLOPE  VERSUS  RELATIVE  DEPTH  FOR 
RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR 
DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 


ADJUSTED  SLOPE,  S/SCOR,  IN  FT/FT  SLOPE, 
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RELATIVE  DEPTH,  DM/DG50 
a)  Slope  versus  relative  depth 


RELATIVE  DEPTH,  DM/DG50 
b)  Adjusted  slope  versus  relative  depth 


FIGURE  5.34  RELATIONS  BETWEEN  SLOPE  AND  RELATIVE  DEPTH 
WITH  COOPER  LINES  SUPERIMPOSED  ON  DATA  FROM 
RIVERS  SATISFYING  THE  SAND-1  OR  GRAVEL-1 
SCREENING  AND  FOR  DISCHARGES  CORRESPONDING 
TO  THE  2  YEAR  FLOOD 
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tive  depths  less  than  200.  In  all  cases,  the  sand-bed  channels  are  not 
within  the  range  of  relative  depths  considered  in  the  flume  experiments. 

If  initiation  of  motion  is  arbitrarily  taken  at  a  charge  of 
approximately  1  ppm.  for  the  gravel  reaches,  the  location  of  the 
plotted  points  on  the  Cooper  plot  of  adjusted  slope  versus  relative 
depth  indicates  that  nine  of  the  67  reaches  have  mobile  beds.  For 
the  highly  mobile  cases,  charges  of  up  to  800  ppm.  are  indicated.  For 
most  of  the  gravel  reaches,  the  bed  form  is  shown  to  be  a  plane  bed. 

The  three  reach  numbers  in  FIGURE  5.34b  with  bed  forms  indicated 
to  be  dunes  are  #40,  #71,  and  #48.  These  reach  numbers  are  given  in 
the  order  of  increasing  relative  depth.  No  field  confirmation  of 
the  presence  of  dunes  is  available  for  these  cases;  however.  Gal  ay 
(1967)  has  reported  the  formation  of  large  dune-like  bed  forms  on  a 
gravel  reach  of  the  North  Saskatchewan  River,  Alberta.  The  Cooper 
chart  should  be  modified  slightly  with  regard  to  the  bed  form 
division  at  relative  depths  between  100  and  200  for  large  gravel 
rivers,  since  ripples  usually  do  not  form  if  the  bed  material  size  is 
greater  than  approximately  0.6  mm.  [Simons  and  Richardson  (1965)[]. 

In  the  sand-bed  range  the  line  separating  the  ripples  from 
dunes  should  probably  turn  down  at  a  value  of  the  relative  depth  of 
approximately  5000.  The  sand-bed  channels  which  could  be  readily 
observed  during  field  visits  had  dunes  on  the  bed  at  flows  much  lower 
than  the  2  year  flood.  In  other  cases,  evidence  from  aerial 
photographs  indicate  that  dunes  or  sand  waves  are  present  at 
discharges  less  than  the  2  year  flood. 

If  two  numerics  are  considered  as  independent  variables 
for  the  estimation  of  slope,  the  combination  of  the  bed  material 
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numeric  with  relative  depth  is  better  than  that  for  the  bed  material 
numeric  and  the  form  factor. 

5.7.3  Froude  Number  Equations 

The  results  from  this  analysis  indicate  that  the  Froude 
number  squared  is  more  closely  associated  with  slope  than  with 
relative  depth.  The  best  fit  relation  involving  the  Froude  number 
squared  and  slope  for  the  2  year  flood  is: 

VM2/(g -DM)  =  2.49-S0,469  EQUATION  5.79 

This  expression  may  be  rewritten  in  a  form  which  is  similar  to  the 
standard  exponential  velocity  equation  as  follows: 

VM  =  9.22-DM°*500-S0,234  EQUATION  5.80 

The  coefficient  and  exponents  for  mean  depth  and  slope  are  12.6, 
0.608  and  0.288  respectively,  for  the  best  fit  relation  for  mean 
velocity  as  obtained  in  SECTION  5.5.5. 

The  plotted  points  and  the  best  fit  line  for  the  Froude 
number  squared  versus  slope  relation  are  shown  in  FIGURE  5.35  for 
the  Gravel -1  reaches  and  for  the  2  year  flood. 

The  relation  between  Froude  number  squared  and  relative 
depth  is  poor.  Blench  (1969a,  1971)  has  used  a  relation  of  this 
type  extensively  for  the  analysis  of  gravel  river  data  with  relative 
depths  less  than  approximately  200. 

A  plot  of  Froude  number  squared  versus  the  relative 
depth  for  the  data  for  Gravel-1  and  Sand-1  rivers  is  presented  in 
FIGURE  5.36.  The  generalized  curves  obtained  by  Cooper  (1970) 
are  superimposed  to  indicate  the  type  of  agreement  which  is  obtained 
between  flume  data  and  data  from  natural  channels. 
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FIGURE  5.35  DIMENSIONLESS  PLOT  OF  VMV(g-DM)  VERSUS  SLOPE  FOR  RIVERS  SATISFYING  THE 
GRAVEL-1  SCREENING  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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FIGURE  Fi. 36  RELATION  BETWEEN  VM  /(g-DM)  AND  RELATIVE  DEPTH  WITH  COOPER  LINES  SUPERIMPOSED  ON  DATA 
FOR  RIVERS  SATISFYING  THE  SAND-1  OR  GRAVEL-1  SCREENING  AND  FOR  DISCHARGES  CORRESPON¬ 
DING  TO  THE  2  YEAR  FLOOD 
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The  number  of  reaches  with  Indicated  mobile  beds  in 
FIGURE  5.36  is  less  than  the  number  indicated  in  the  slope  versus 
relative  depth  plot  in  FIGURE  5.34a.  However,  when  FIGURE  5.36  is 
compared  with  the  corrected  slope  versus  relative  depth  plot  in 
FIGURE  5.34b,  the  number  of  reaches  with  indicated  movement  in  each 
case  is  similar.  It  is  noted  that  the  hydrophone  data  indicate  that 
more  reaches  would  be  mobile  than  indicated  in  either  FIGURE  5.34b 
or  FIGURE  5.36. 

If  the  transport  lines  of  Cooper  are  accepted  for  the 
gravel  range,  they  would  imply  that  the  functional  form  of  VM  /(g-DM) 
versus  DM/DG50  relation  would  not  be  greatly  altered  if  the  charge 
is  less  than  about  100  ppm.  That  is,  the  initiation  of  motion 
or  threshold  relation  should  only  result  in  a  change  in  the 
coefficient  within  the  range  of  charges  from  1  ppm.  to  100  ppm. 
rather  than  a  change  in  functional  form. 

The  Cooper  plot  in  FIGURE  5.36  shows  a  change  in  functional 
form  at  a  relative  depth  of  about  150.  For  relative  depths  above 
this  value,  the  behaviour  of  the  VM  /(g -DM)-relative  depth  relation 
is  more  like  that  for  sand-bed  channels. 

5.7.4.  Dimensionless  Resistance  Equations 

An  analysis  was  carried  out  for  the  case  of  the  friction 
factor  numeric  egual  to  a  constant;  however,  the  variability  was 
extreme. 

Next  several  regression  analyses  were  made  to  estimate  the 
value  of  the  numeric  VM  /(g-DM-S)  from  one  numeric.  The  best  relations 
are  the  ones  with  a  Reynolds  number  in  terms  of  width  (King  numeric) 
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or  in  terms  of  depth.  The  best  fit  relations  for  the  Gravel-1  reaches 
and  for  the  2  year  flood  are: 

VM2/(g-DM-S)  =  0.0398- (VM-WSM/v)0-430  EQUATION  5.81 

and : 

VM2/ ( g -  DM  *  S )  =  0.0194- (VM-DM/v)0,597  EQUATION  5.82 

Only  about  50  percent  of  the  variance  is  explained  by  each  of  the 
above  equations. 

The  regime  theory  for  duned  sand-bed  channels  places  some 
significance  on  the  numeric  VM-WSM/v  by  applying  it  in  analogy 
with  the  Reynolds  number  term  in  the  Blasius  (1911)  equation  for 
turbulent  flow  in  smooth  pipes.  The  exponent  for  the  Reynolds 
number  term  obtained  by  Blasius  was  0.25.  This  value  does  not 
compare  favourably  with  the  exponent  for  either  the  numeric 
VM-WSM/v  or  VM-DM/v.  From  this  result,  it  is  concluded  that  for 
gravel  rivers,  the  form  of  the  friction  factor  equation  is  quite 
different  from  the  form  obtained  for  smooth  pipes. 

Plots  of  VM2/(g-DM-S)  versus  the  King  numeric  VM-WSM/v, 

O 

and  of  VM  /(g-DM-S)  versus  the  numeric  VM-DM/v  are  presented  in 
FIGURE  5.37  for  the  Gravel -1  reaches  and  for  the  2  year  flood. 

The  results  involving  the  friction  factor  numeric, 

VM  /(g-DM-S),  and  relative  depth,  DM/DG50,  are  not  as  good  as  those 
involving  the  friction  factor  numeric  and  a  Reynolds  number  defined 
in  terms  of  width  or  depth.  The  best  fit  relation  for  the  friction 
factor  versus  relative  depth  for  the  2  year  flood  is: 

VM2/ (g-DM-S)  =  14.8* ( DM/DG50 ) 0 * 562  EQUATION  5.83 

About  40  percent  of  the  variance  is  explained  by  this  equation. 

This  expression  is  similar  to  the  one  proposed  by  Kellerhals.  (See 
SECTION  5.4.4). 
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VM  *  WSM/ v 

a)  Abscissa  is  King  Numeric,  VM-WSM/v 


b)  Abscissa  is  the  Numeris,  VM-DM/v 

FIGURE  5.37  DIMENSIONLESS  PLOTS  OF  VM2/(q-DM-S)  VERSUS  THE  KING  NUMERIC 
AND  VM  / (q • DM- S)  VERSUS  THE  NUMERIC  VM-DM/v  FOR  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  DISCHARGES 
CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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5.8  Development  of  Regime  Equations  in  Terms  of  Discharge  and 

Bed  Material  Size 

5.8.1.  Introduction 

The  basic  premise  in  this  section  is  that  channels  adjust 
to  a  certain  width,  depth,  and  slope  in  response  to  the  imposed 
discharge  and  bed  material  size.  For  each  case  presented,  three 
independent  equations  involving  the  above  variables  are  solved  to 
give  width,  depth,  and  slope  relations.  The  velocity  is  related  to 
discharge  through  the  continuity  equation. 

The  slope-discharge  relation  presented  in  SECTION  5. 5. 6.1 
was  not  well  defined.  This  and  other  considerations  such  as  the  form 
of  the  area  relation  in  SECTION  5.5.2  and  SECTION  5.7.1  indicate 
that  the  slope  is  most  probably  imposed  for  several  of  the  reaches. 
However,  since  there  is  no  simple  means  of  establishing  the  degree 
to  which  the  slope  is  imposed,  this  analysis  is  carried  out  with 
the  assumption  that  width,  depth,  and  slope  are  free  to  adjust. 

All  comparisons  are  made  with  the  best  fit  relations 
involving  width,  depth,  velocity,  and  slope  obtained  in  this  analysis. 
The  coefficients  and  exponents  for  all  regime  equations  are 
presented  in  TABLE  5.5,  but  the  basic  equations  and  some  discussion 
related  to  each  set  of  equations  are  given  in  the  following 
subsections . 

The  2  year  flood  was  accepted  as  the  characteristic  discharge 
for  the  following  computations.  Only  gravel  river  reaches  satisfying 
the  Gravel-1  screening  are  used  in  the  analysis.  The  median  bed 
material  size  is  used  in  all  cases. 
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TABLE  5.5 

REGIME  TYPE  EQUATIONS  FOR  WIDTH,  DEPTH,  MEAN  VELOCITY  AND  SLOPE  FOR 
GRAVEL  RIVERS  BASED  ON  VARIOUS  SETS  OF  THREE  INDEPENDENT  EQUATIONS 
FOR  A  CHARACTERISTIC  DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD 


Lacey  Type  Equations 

a 

b 

c 

WSM 

2.38 

0.527 

DM 

0.159 

0.377 

-0.082 

VM 

2.66 

0.096 

0.082 

S 

0.218 

-0.463 

0.459 

A  Threshold  Approach 
(No  reference  to  this  study) 

a 

b 

c 

WSM 

2.67 

0.500 

DM 

0.0585 

0.428 

-0.285 

VM 

6.40 

0.0715 

0.285 

S 

0.968 

-0.428 

1.285 

Best 

Fit 

a 

b 

c 

WSM 

2.38 

0.527 

♦ 

WSM 

2.08 

0.528 

-0.070 

DM 

0.256 

0.331 

-0.025 

.  VM 

1.87. 

0.140 

0.095 

S 

0.0965 

-0.334 

0.586 

Blench  Type;All  Banks 
Temperature:  45°F 

a 

b 

c 

WSM 

11.4 

0.402 

0.291 

DM 

0.0458 

0.463 

-0.387 

VM 

1.89 

0.134 

0.097 

S 

0.137 

(0.430) 

-0.425 

0.414 

Blench  Type; Si  It  Banks 
Temperature:  45°F 

a 

b 

c 

WSM 

14.5 

0.402 

0.291 

DM 

0.0380 

0.463 

-0.387 

VM 

1.79 

0.134 

0.097 

S 

0.139 

(0.430) 

-0.425 

0.414 

Blench  Type;Gravel  Cobble 
Temperature:  45° F 

Banks 

a 

b 

c 

WSM 

9.68 

0.402 

0.291 

DM 

0.0518 

0.463 

-0.387 

VM 

1 .96 

0.134 

0.097 

S 

0.138 

(0.430) 

-0.425 

0.414 

Kellerhals  Type 

a 

b 

c 

WSM 

2.38 

0.527 

DM 

0.178 

0.372 

-0.080 

VM 

2.36 

0.101 

0.080 

S 

0.180 

-0.368 

0.849 

Modified  Blench.Gravel  Cobble  Banks 
Temperature:  45°F 

a 

b 

c 

WSM 

2.39 

0.519 

-0.058 

DM 

0.155 

0.372 

-0.116 

VM 

2.69 

0.109 

0.174 

S 

0.139 

(0.430) 

-0.424 

0.414 

Dimensionless 

No  viscosity  term 

a 

b 

c 

WSM 

2.00 

0.496 

-0.241 

DM 

0.185 

0.394 

0.015 

VM 

2.71 

0.110 

0.226 

S 

0.220 

-0.372 

0.931 

NOTE : 


1.  All  equations  are  for  Gravel-1  reaches  (unless  a  class  of  Gravel-1  reaches  as  noted)  and  for 
discharges  corresponding  to  the  2  year  flood. 

2.  All  expressions  are  of  the  form: 

Y  =  a-Qb-0G50c 

If  a  viscosity  term  was  in  the  regime  equation  for  WSM,  DM,  VM,  or  S;  it  was  evaluated  for  a 
temperature  of  45°F  (  V  »  0.0000154  ft. Vs.).  The  bracketed  term  under  the  value  of  the 
coefficient  a,  in  some  cases  is  the  exponent  of  the  kinematic  viscosity  term  if  it  is  present. 
By  using  this  information  it  is  possible  to  compute  the  coefficient,  a,  for  temperatures  other 
than  45°F. 
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Kinematic  viscosity  has  been  introduced  into  this  analysis 
of  gravel  river  reaches  in  a  couple  of  instances  in  order  to  make 
comparisons  with  an  extension  of  existing  regime  equations  for 
sand-bed  channels. 

As  a  means  of  evaluating  the  relative  importance  of  any 
basic  equation  used  in  the  development  of  the  regime  equations,  the 
coefficients  of  determination  and  the  standard  errors  for  all 
basic  equations  are  presented  in  APPENDIX  L. 

5.8.2  The  Best  Fit  Relations 

The  summary  of  the  values  of  the  coefficient,  a,  the 
exponent  for  the  discharge,  b,  and  the  exponent  for  the  median  bed 
material  size,  c,  for  the  best  fit  width,  depth,  and  slope 
equations  and  also  the  mean  velocity  equation  are  given  in  TABLE  5.5. 

The  width  equation  expressed  in  terms  of  discharge  and  median  bed 
material  size  is  accepted  in  this  case  as  the  best  fit  equation; 
however,  the  equation  for  width  in  terms  of  discharge  alone  is  as  good. 

5.8.3  Regime  Equations  Derived  Without  Consideration  of  the  Data 
from  this  Study 

As  a  first  approach,  a  set  of  regime  equations  for 
gravel  are  developed  without  reference  to  any  of  the  results 
obtained  for  this  study.  The  equations  used  are  the  Lacey  width 
equation,  the  Manning  -  Strickler  resistance  equation  and  the  Neill 
initiation  of  motion  equation.  These  equations  are  expressed  as  follows 


4  -  ■  - 
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WSM  =  2.67-Q0*500  EQUATION  5.3 

VM  =  43.4* DM0 * 667 • S° ’ 500 • DG50-0 ’ 1 67  EQUATION  5.84 

VM  =  10.3'DM0’ l67-DG500'333  EQUATION  5.85 

For  the  Manning-Strickler  equation,  the  value  of  the  Manning  "n"  was 
assumed  to  be  expressed  as: 

n  =  0. 0342 -DG500- 167  EQUATION  5.53 

For  the  Neill  equation  the  specific  gravity  of  the  bed  material 
was  assumed  to  be  2.65.  Since  the  threshold  equation  is  utilized  in 
this  set  of  equations,  the  results  would  be  more  applicable  to  the 
design  of  gravel  canals  rather  than  for  the  general  class  of  natural 
gravel  channels,  although  the  results  should  be  applicable  to  gravel 
rivers  with  vanishingly  small  charge. 

5.8.4  Lacey  Type  Regime  Equation 

The  regime  type  equations  used  in  this  subsection  are 
those  equations  of  the  form  presented  by  Lacey  (1929,  1933),  but  with 
the  coefficients  and  exponents  obtained  from  the  analysis  of  the 
Gravel -1  reaches.  The  basic  equations  are: 

WSM  =  2.38-Q0’ 327  EQUATION  5.38 

VM  =  12.6-DM°'608*S0-288  EQUATION  5.45 

VM  =  4.25-DM°-255-DG50°- 103  EQUATION  5.86 

The  coefficients  and  exponents  for  these  first  two  equations  are 
quite  similar  to  those  given  by  Lacey.  Those  for  the  third  equation 
are  not  very  close  to  the  Lacey  values. 
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5.8.5  Blench  Type  Regime  Equations 

The  Blench  type  analysis  was  then  carried  out  using  the 
following  equations: 

VM2/DM  =  21 .6* ( DM/DG50 ) ~° * 4 1 8  EQUATION  5.10 

VM3/WSM  =  Fs  EQUATION  5.87 

VM2/(g -DM*S)  =  0.0398- (VM-WSM/v)  EQUATION  5.81 

The  first  of  these  equations  is  the  Blench  bed  factor  as  derived  from 
the  data  for  Alberta  gravel  rivers.  This  equation  was  obtained  by 
rejecting  all  reaches  with  mobile  beds  as  predicted  by  the  Cooper- 
Neill  criterion.  Consequently,  the  value  of  VMVDM  could  be  considered 
to  be  the  zero  bed  factor  for  most  practical  cases. 

The  second  equation  is  the  Blench  side  factor.  Three  sets 
of  regime  equations  are  presented  for  different  classes  of  gravel 
river  banks;  that  is,  for  all  cases  (70),  for  cases  with  banks  of 
gravel  overlain  by  silt  or  cobbles  overlain  by  silt  (19),  and  for 
cases  with  banks  of  gravel  or  cobbles  (44).  The  median  value  of  the 
side  factor  as  determined  for  these  classes  are  0.594,  0.399, 
and  0.778  respectively.  The  different  side  factors  only  affect 
the  value  of  the  derived  coefficients  and  not  the  functional  form. 

The  third  equation  is  the  form  of  the  King  equation  as 
developed  for  gravel  rivers.  The  values  of  the  coefficients  and 
exponents  are  derived  for  a  value  of  the  kinematic  viscosity 

o 

equal  to  0.0000154  ft.  /sec.  (corresponding  to  a  temperature  of  45°F). 
The  value  of  the  exponent  of  v  is  indicated  in  TABLE  5.5  in  order 
that  the  coefficients  at  other  temperatures  may  be  computed.  It  is 
to  be  noted  that  the  range  of  values  of  the  kinematic  viscosity  term 
is  small.  The  term  VM-WSM/v  does  not  seem  to  be  a  reasonable 
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numeric  to  use  in  an  analysis  involving  fully  developed  turbulent 
flow  over  a  rough  boundary. 

5.8.6  Modified  Blench  Type  Equations 

The  next  set  of  regime  equations  for  gravel  rivers  with 
gravel  or  cobble  banks  were  based  on  the  main  Blench  equations,  but 
posed  in  a  slightly  different  manner.  These  three  equations  are 
presented  as  follows: 

VM  =  4.65-DM0'291 -DG500,209  EQUATION  5.86 

WSM/DM  =  15.0* VM° * 900 • DM0 ’ 250  EQUATION  5.15 

VM2/(g-DM-S)  =  0.0398- (VM-WSM/v)0'430  EQUATION  5.81 

The  first  equation  is  a  restatement  of  the  bed  factor  equation  with 
all  highly  mobile  reaches  rejected  by  the  Cooper-Neill  criterion. 

In  the  stated  form  it  may  be  considered  to  be  an  initiation  of  motion 
expression. 

The  second  equation  is  a  form  factor  equation  developed  for 
the  class  of  gravel  rivers  with  gravel  or  cobble  banks.  This 

relation  was  obtained  by  assuming  that  the  side  factor,  VM3/WSM  and 

2 

the  bed  factor  VM  /DM  must  be  related  in  some  simple  manner,  since 
the  bank  and  bed  material  are  not  greatly  dissimilar.  This  approach 
has  been  suggested  previously  by  Blench,  but  has  not  been  incorporated 
into  a  form  factor  expression  such  as  that  used  to  derive  this  set 
of  regime  equations.  As  noted  before,  the  relation  between  side 
factor  and  bed  factor  involves  a  spurious  correlation. 

The  third  equation  is  the  resistance  equation  of  the  King 
type  for  duned  sand-bed  channels.  No  slope  correction  is  used  in  this 
relation  for  gravel  rivers.  It  has  been  assumed  that  the  first  and 
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third  equations  are  applicable  for  the  class  of  gravel  rivers  considered, 
although  they  were  derived  from  data  for  all  of  the  Gravel-1  reaches. 

5.8.7  Kellerhals  Type  Equations 

The  next  set  of  equations  are  those  of  the  form  presented  by 
Kellerhals  for  gravel  rivers.  The  three  equations  are  as  follows: 


WSM  =  2 . 38  *  Q°  * 527 
Y-DM-S  =  2.02-DG500,769 
VM/(g-DM-S)°-500  =  3.84- (DM/DG50)0,28 


EQUATION  5.38 


EQUATION  5.36 


EQUATION  5.31 


The  first  equation  is  the  standard  width  adjustment  equation.  The 
second  equation  is  a  shear  stress  relation  involving  the  median  bed 
material  size.  If  the  exponent  of  DG50  was  1.00,  this  expression  is 
essentially  a  threshold  type  equation  for  fully  developed  turbulent 
flow.  The  coefficient  and  exponent  for  this  equation  were  evaluated 
after  all  mobile  reaches  were  rejected  from  the  analysis  by  using 
the  Cooper-Neill  initiation  of  motion  criterion.  The  third  equation 
is  a  resistance  equation  of  the  exponential  form.  This  equation 
conforms  to  the  accepted  view  of  a  resistance  equation  for  fully 
developed  turbulent  flow  over  a  rough  boundary  because  VM/(g-DM-S)°'500 
is  a  function  of  relative  depth  rather  than  a  Reynolds  Number. 

5.8.8  Dimensionless  Expressions 

The  following  three  dimensionless  expressions  were 
selected  to  obtain  the  last  set  of  regime  equations: 


WSM • qu  * ZU/QU ' =  4.73* (DG50*g 
S  =  0.0449- (DM/DG50)-0’945 
VM2/(g-DM)  =  2.49-S0,469 


0.20^0.40^-0.241 


EQUATION  5.71 


EQUATION  5.77 


EQUATION  5.79 
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The  first  equation  is  a  width  adjustment  equation  in  terms  of 
discharge  and  bed  material  size.  The  second  is  of  the  form  of  an 
initiation  of  motion  equation  for  fully  developed  turbulent  flow.  The 
third  expression  is  the  relation  between  the  square  of  the  Froude 
number  and  slope.  The  form  of  this  equation  is  not  standard  and 
is  difficult  to  interpret  from  a  fundamental  point  of  view.  However, 
when  this  third  relation  is  rewritten,  it  is  of  the  form  of  the  Lacey 
velocity  equation. 

No  expression  involving  viscosity  is  included  in  this 
set  of  three  dimensionless  relations,  since  it  does  not  seem 
reasonable  that  viscosity  can  be  a  physically  realistic  parameter 
for  the  case  of  fully  developed  turbulent  flow  over  a  rough  boundary. 

5.8.9  Comparison  of  the  Sets  of  Regime  Equations 

When  evaluating  the  eight  sets  of  regime  equations 
developed  in  this  section,  it  is  assumed  that  the  result  of  the  most 
acceptable  set  of  equations  should  compare  favourably  with  the  "best 
fit"  equations  for  width,  depth,  velocity  and  slope  as  given  in 
TABLE  5.5.  The  main  reason  for  not  accepting  the  best  fit  equations 
based  on  discharge  and/or  bed  material  size  without  further 
consideration  is  that  only  intuitive  physical  arguments  are  used  in 
their  development.  For  the  other  sets  of  regime  equations  a  threshold 
equation,  resistance  equation,  etc.,  are  utilized  or  equations 
developed  from  the  dimensional  analysis  of  the  relevant  variables  are 
utilized. 

Some  features  of  the  best  fit  relations  are  that  the  exponent 
for  the  bed  material  size  is  small  for  the  width  equation,  and  the 
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exponent  for  the  discharge  is  about  10  times  as  large  as  that  for 
the  bed  material  size.  In  addition,  the  exponent  for  discharge  is 
essentially  unaltered  by  omitting  bed  material  size  from  the  relation. 
The  best  fit  equations  for  mean  depth  and  mean  velocity  are  defined 
by  discharge  alone.  For  the  slope  equation,  the  exponent  for  the 
bed  material  size  is  dominant,  with  a  magnitude  of  about  1.75  times 
that  for  the  discharge.  These  details  have  been  given  to  draw 
attention  to  the  relation  magnitudes  of  the  exponents  for  the 
"best  fit"  regime  equations  in  order  to  facilitate  comparisons 
with  the  eight  sets  of  regime  equations  which  have  been  developed. 

The  set  of  equations  for  the  threshold  approach  has  relatively 
high  exponents  for  the  bed  material  size,  especially  with  respect  to 
the  slope  equation.  The  signs  of  all  exponents  are  the  same  as  those 
for  the  best  fit  relations.  It  is  to  be  noted  that  for  this  case 
the  regime  equations  were  developed  independently  of  the  basic  data 
used  in  this  study. 

The  Lacey  type  coefficients  and  exponents  are  reasonably 
close  to  those  for  the  best  fit  values.  The  signs  of  the  exponents 
are  also  the  same  as  those  for  the  best  fit  equations. 

The  regime  equations  obtained  by  the  Blench  type  analysis 
results  in  a  relatively  high  exponent  for  the  bed  material  size  for 
the  width  and  depth.  The  sign  of  this  exponent  for  width  is  not 
the  same  as  that  obtained  by  the  best  fit  relation.  The  range  of  the 
median  side  factor  from  0.399  to  0.778  results  in  a  change  in  the 
width  coefficient  of  about  50  percent,  the  depth  coefficient  of  about 
30  percent,  the  mean  velocity  coefficient  of  about  10  percent,  and 
the  slope  coefficient  of  about  1  percent.  A  change  in  the  side  factor 
does  not  result  in  a  change  of  the  exponents. 
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The  exponents  in  the  modified  Blench  equations  for  the  width 
and  depth  are  quite  close  to  those  for  the  best  fit  relations,  although 
the  modified  Blench  equations  should  only  apply  to  the  class  of 
channels  with  gravel  or  cobble  banks.  When  the  exponents  of  the 
modified  Blench  equations  for  width  and  depth  are  compared  with  the 
Blench  equations  for  the  same  class  of  rivers,  it  is  noted  that  the 
exponents  for  the  bed  material  size  are  much  smaller  for  the  modified 
Blench  equations.  The  exponents  for  the  mean  velocity  and  slope 
relations  are  more  comparable. 

The  exponents  for  the  Kellerhals  type  equations  for  mean  depth 
and  mean  velocity  compare  quite  favourably  with  those  for  the  best 
fit  relations.  The  exponent  for  the  bed  material  size  in  the 
slope  equation  is  almost  double  that  for  the  best  fit  equation  for  slope, 
but  is  comparable  to  that  obtained  for  the  threshold  analysis.  This 
result  is  not  unexpected  since  a  threshold  type  relation  was  used 
in  the  basic  Kellerhals  equations. 

The  regime  equations  developed  from  the  dimensionless 
expressions  have  high  exponents  for  the  bed  material  size  in 
comparison  to  the  exponents  for  the  bed  material  size  in  the  best 
fit  relations.  This  is  partly  attributed  to  the  high  exponent 
introduced  from  the  basic  relation  between  the  width  numeric  and 
the  bed  material  size  numeric.  The  high  exponent  for  the  bed 
material  size  for  the  slope  equation  is  primarily  due  to  the  basic 
relation  between  slope  and  relative  depth  which  is  similar  to  the 
Shields  relation  for  the  initiation  of  motion. 

To  provide  a  means  of  comparison,  the  mean  widths,  mean 
depths,  mean  velocities,  and  mean  slopes  for  the  best  fit  equations 
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and  for  the  eight  sets  of  regime  equations  were  computed  for  a 
median  grain  size  of  50  mm. (0.164  ft.)  and  for  discharges  of 
1,000  cfs.,  10,000  cfs.,  and  100,000  cfs.  A  summary  of  the  results 
is  presented  in  TABLE  5.6  for  the  five  sets  of  regime  equations  which 
are  applicable  to  all  types  of  channel  banks.  The  results  in  this 
table  indicate  that  the  forms  of  the  Lacey,  Kellerhals,  and 
Dimensionless  Equations  generally  yield  the  most  acceptable  results 
for  the  range  of  discharges  and  bed  material  sizes  used  in  the 
computations . 
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RELATIONS  WHICH  GIVE  MAXIMUM  OVER  AND  UNDER  ESTIMATES  OF  MEAN  WIDTH,  MEAN  DEPTH 
MEAN  VELOCITY,  AND  SLOPE  WHEN  COMPARED  TO  THE  BEST  FIT  RESULTS  FOR  GRAVEL-1 
REACHES  AND  FOR  THE  2  YEAR  FLOOD. 
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CHAPTER  6 

CONCLUSIONS  AND  RECOMMENDATIONS 

6.1  Concl usions 

The  basic  conclusion  resulting  from  this  investigation  is 
that  the  inductive  approach  to  the  study  of  river  regime  provides  a 
means  of  determining  the  relative  importance  of  variables  and  yields 
practical  formulae  or  graphs  to  fit  and  coordinate  the  important 
aspects  of  river  regime. 

The  Subsidiary  conclusions  based  on  the  study  of  Alberta 
gravel  rivers  are: 

1.  The  2  year  flood  results  in  the  statistically  most  consistent 
width-discharge,  and  area-discharge  relations  and  is  of 

such  a  magnitude  that  it  is  capable  of  moving  the  bed  material 
in  most  cases.  The  2  year  flood  is  accepted  as  the 
hydrologically  defined  dominant  discharge. 

2.  The  discharge  corresponding  to  the  elevation  of  the  valley 
flat  results  in  statistically  more  consistent  width-discharge, 
and  area-discharge  relations  than  the  discharge  corresponding 
to  the  elevation  of  the  low  level  bench.  The  discharge 
corresponding  to  the  valley  flat  is  adopted  as  the  dominant 
discharge  defined  by  a  geomorphic  feature. 

3.  When  evaluating  the  threshold  condition  for  gravel  rivers, 
the  reaches  which  are  not  obviously  aggrading  or  degrading 
tend  to  have  relatively  high  mobility  numbers.  Those 
reaches  which  are  entrenched  tend  to  have  a  wide  range  of 
mobility  numbers.  This  may  indicate  that  some  of  the 
entrenched  channels  are  paved  and  others  are  armoured. 
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4.  Based  on  limited  hydrophone  data,  the  Shields  (1936)  criterion 
and  the  Neill  (1968)  criterion  for  the  initiation  of  motion 
generally  indicate  no  movement  when  there  is  observed 
movement  over  a  part  of  the  channel  width.  The  predictions 
based  on  the  Galay  (1971)  criterion  for  the  initiation  of 
motion  compares  quite  favourably  with  the  field  measurements; 
however,  the  criterion  has  no  sound  physical  basis. 

5.  The  width-discharge,  and  area-discharge  relations  for  a 
particular  characteristic  discharge  are  well  defined; 
whereas,  the  slope-discharge  relation  is  poorly  defined. 

This  result  tends  to  confirm  statements  by  Rubey  (1952) 
and  Chorley  (1962)  concerning  the  concept  of  grade. 

6.  When  the  bed  material  size  is  used  as  an  independent 
variable  for  gravel  rivers,  the  median  bed  material  size 
(DG50)  is  as  good  a  parameter  as  the  DG90  size. 

7.  The  best  fit  relation  for  width  uses  only  discharge  as  the 
independent  variable,  whereas  the  best  fit  relations  for 
area,  depth,  and  mean  velocity  are  improved  if  slope  and 
discharge  are  used  as  the  independent  variables. 

8.  Stratification  according  to  geomorphic  criteria  improves 
the  slope-discharge  relation;  for  example,  the  exponent 
for  reaches  which  are  not  obviously  aggrading  or  degrading  is 
significantly  different  from  the  exponent  for  entrenched 
reaches . 

The  Lacey-Blench  exponents  for  width-discharqe,  area-discharge, 
depth-discharge,  and  velocity-discharge  relations  fit  the 
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the  data  for  natural  channels  better  than  the  exponents 
presented  by  Leopold  and  Maddock  (1953).  The  exponent 
for  the  slope-discharge  relation  given  by  the  Lacey-Blench 
form  for  duned  sand-bed  channels  is  significantly 
different  from  the  exponent  obtained  for  the  gravel  river 
reaches . 

10.  The  product  DM-S0'500  tends  to  be  a  constant  for  a  given 
bed  material  size  which  is  contrary  to  the  Shields 
requirement  that  DM-S  be  a  constant  at  threshold  conditions. 

11.  The  Manning  "n"  is  more  highly  associated  with  the  form 
factor  than  with  bed  material  size. 

12.  The  Lacey  equation  for  mean  velocity  (VM  =  16.0-DM°'667-S0,33^  ), 
which  contains  no  roughness  parameter,  is  as  good  as  the 
Manning  equation,  if  the  discharge  is  relatively  high. 

13.  The  estimation  of  width  from  the  single  non-dimensional 
parameter,  WSM-g°*20/Q0,40,  is  quite  close  to  the  estimate 
of  width  obtained  by  a  regression  of  width  on  discharge. 

Similar  results  were  obtained  for  estimates  of  area  and 
depth. 

14.  The  relation  between  the  square  of  the  Froude  number 
and  the  relative  depth  is  poor  compared  to  the  relation 
between  slope  and  the  relative  depth. 

15.  The  slope  correction  parameter,  SCOR,  does  not  improve  the 
overall  relations  involving  slope;  however,  the  use  of  the 
parameter  does  tend  to  make  river  data  compatible  with  flume 
data  on  the  generalized  Cooper  (1970)  plots. 
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16.  When  various  sets  of  relations  are  used  to  establish  regime 
equations  for  width,  depth,  mean  velocity,  and  slope  in  terms 
of  discharge  and  bed  material  size,  the  results  obtained 
by  using  the  Lacey  type  equations,  the  Kellerhals  type 
equations,  or  a  set  of  three  dimensionless  equations 
(see  SECTION  5.9.8)  compare  favourably  with  the  results 
obtained  by  the  best  fit  equations. 

6.2  Recommendations 

During  the  course  of  this  investigation  several  problems 
or  questions  were  encountered  which  should  be  considered  in  greater 
detail.  The  following  topics  recommend  where  further  work  is  required. 

1.  Five  to  ten  cross-sections  were  surveyed  for  each  reach. 

More  work  should  be  carried  out  to  determine  the  optimum 
number  and  location  of  the  cross-sections.  A  comparison 
could  also  be  made  between  the  mean  hydraulic  properties 
of  the  reach  and  those  computed  for  the  one  cross-section 
at  the  hydrometric  station. 

2.  Cross-sections  should  be  extended  well  above  the  high 
water  line.  The  field  surveys  should  also  include  a 
geomorphic  description  of  the  study  reach. 

3.  The  entire  study  was  based  on  the  premise  that  the 
water  surface  profile  for  any  discharge  was  parallel  to 
the  water  surface  on  the  day  of  the  survey.  This 
assumption  needs  to  be  substantiated. 


. 
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4.  Based  on  the  available  data,  non-dimensional  rating  curves 
should  be  constructed  for  different  classes  of  rivers. 

5.  Several  methods  of  sampling  paved  gravel  surfaces  have 
been  evaluated.  It  is  recommended  that  the  grid-by¬ 
number  procedure  be  used  since  this  method  of  sampling 
and  analyzing  a  surface  of  a  population  of  bed  material 
is  shown  to  be  equivalent  to  the  bulk  sieve  analysis  of 
the  same  population. 

6.  The  surface  of  some  gravel  beds  consist  of  a  pavement 

with  only  the  fines  removed,  while  in  other  cases  the  surface 
is  armoured  and  consists  of  material  which  is  obviously 
coarser  than  the  material  under  the  top  layer.  Consideration 
should  be  given  to  the  deviation  of  a  grid-by-number 
analysis  from  a  bulk  sieve  analysis  of  material  coarser 
than  8  mm.  as  a  measure  of  the  degree  of  armouring. 

7.  If  field  measurements  of  the  threshold  condition  are  made, 
it  is  recommended  that  the  distribution  of  the  bed  material 
in  movement  be  compared  with  the  distribution  of  the 

bed  material  forming  the  pavement  in  order  to  clearly 
determine  if  the  movement  is  associated  with  a  general 
threshold  condition. 

8.  For  practical  design  purposes,  it  is  recommended  that 
the  best  fit  relations  be  used  to  estimate  width,  depth, 
and  mean  velocity.  If  there  is  no  definite  evidence  that 
the  slope  is  controlled  by  a  geological  feature,  the  best- 
fit  slope  equation  may  be  used. 
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9.  A  detailed  study  should  be  carried  out  to  determine  the 
effect  of  geological  structures  on  channel  slope. 
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APPENDIX  A 


SOME  PRACTICAL  ASPECTS  OF  RIVER  SURVEYS 

The  aim  of  this  appendix  is  to  provide  a  basis  for  obtaining 
quantitative  and  qualitative  data  for  a  river  reach.  This  outline 
does  not  attempt  to  be  exhaustive,  but  does  provide  some  practical 
points  that  should  be  kept  in  mind  when  carrying  out  a  field  survey. 

It  is  assumed  that  the  main  purpose  of  the  survey  is  to  obtain 
information  related  to  the  hydraulic  geometry  of  the  reach.  Plani- 
metric  control  is  of  lesser  importance  than  vertical  control.  This 
appendix  will  be  presented  in  two  main  sections:  preparation  for 
the  field  survey,  and  the  field  work  (quantitative  and  qualitative). 
A  procedure  similar  to  the  one  outlined  in  this  section  was  used  to 
obtain  the  data  for  most  of  the  river  reaches  in  the  investigation. 

A. 1  Preparation  for  the  Field  Survey 

Before  going  to  the  field,  it  is  essential  to  obtain  good 
topographic  maps  and  aerial  photographs  of  the  reach  under  study  and 
to  make  an  evaluation  of  the  hydrological  regime  of  the  river. 

Topographic  maps  at  a  scale  of  1:50,000  are  available  for  a 
large  part  of  Canada.  When  working  with  topographic  maps  it  is 
important  to  note  the  date  of  the  photography  from  which  the  maps 
were  made.  Key  maps  are  available  to  quickly  determine  the  required 
topographic  maps. 


Aerial  photographs  at  a  scale  of  about  1.0  in.  =  2640  ft.  are 
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available  for  a  large  part  of  the  country.  When  ordering  aerial 
photographs  sufficient  stereo-pairs  should  be  ordered  to  not  only 
cover  the  study  reach,  but  also  some  distance  upstream  and  downstream 
from  the  reach.  This  will  provide  an  opportunity  to  determine  if 
the  selected  study  reach  is  somewhat  typical  of  the  river  on  a  larger 
scale.  The  stereo-pairs  provide  much  more  information  than  a  single 
photograph,  since  it  is  possible  to  quickly  evaluate  relative  steep¬ 
ness  of  banks,  relative  heights  of  terraces,  etc.  Key  maps  are 
available  showing  flight  paths  of  the  aircraft  and  the  photograph 
numbers  taken  along  the  flight  line.  The  approximate  location  of 
the  cross-sections  should  be  established  on  the  air  photo  before 
going  to  the  field.  If  possible,  the  sections  should  be  established 
with  reference  to  relatively  fixed  points,  such  as  fence  lines,  or 
large  isolated  trees.  A  minor  adjustment  of  the  cross-section 
location  may  be  necessary  in  the  field. 

An  evaluation  of  the  hydrology  of  the  river  at  a  study  reach 
should  be  made  before  going  to  the  field.  The  Water  Survey  of  Canada 
publish  key  maps  which  give  the  location  of  all  active  and  retired 
gauging  stations  in  a  region. 

For  those  cases  where  a  hydrometric  station  is  not  located  near 
the  study  reach,  it  will  be  necessary  to  obtain  a  few  discharge 
measurements  to  establish  a  rating  curve  for  the  reach.  A  dimension¬ 
less  rating  curve  similar  to  that  suggested  by  Leopold,  Wolman  and 
Miller  (1964)  or  by  Galay  (1971)  may  be  of  assistance  when  attempting 
to  establish  a  rating  curve  for  an  ungauged  river.  A  regional 
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analysis  will  have  to  be  made  to  provide  an  estimate  of  the  hydrologic 
regime. 

If  a  hydrometric  station  is  in  the  reach,  it  is  essential  to 
obtain  the  following  information  concerning  the  station  from  the 
District  Office  of  the  Water  Survey  of  Canada: 

1.  The  station  history. 

2.  The  station  location  with  bench  mark  locations  and  elevation 
of  gauge  zero. 

3.  The  current  and  past  rating  curves. 

The  "Surface  Water  Papers"  related  to  the  station  must  be 
consulted  in  order  to  obtain  the  long-term  mean  discharge,  to  con¬ 
struct  the  flood  frequency  curve  and  to  establish  the  flow  duration 
data  for  the  station. 

Any  information  concerning  the  location  of  additional  bench 
marks  should  be  obtained  for  the  area  near  the  study  reach.  Such  data 
may  be  obtained  from  the  Geodetic  Survey  of  Canada,  or  the  appropriate 
branch  of  the  Provincial  Government. 

A  final,  but  not  unimportant  point  is  that  the  field  equipment 
should  be  checked  and  tested  before  leaving  for  the  survey. 

A. 2  The  Field  Work 
A. 2.1  The  Reach 

The  reach  should  be  selected  so  that  the  hydrometric  station  is 
located  near  the  middle  of  the  reach.  If  the  character  of  the  channel 
is  significantly  different  near  the  gauge,  it  may  be  necessary  to 
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place  the  gauging  section  near  the  upper  or  lower  part  of  the  reach. 

One  difficulty  often  encountered  is  that  the  Water  Survey  of  Canada 
gauging  stations  are  situated  at  an  atypical  location  (such  as  a 
bed  rock  outcrop)  in  order  to  provide  a  good  "control". 

The  length  of  the  reach  should  include  at  least  one  meander  wave 
length  or  at  least  two  pools  and  two  riffles.  The  selected  reach 
should  begin  and  end  at  geomorphi cal ly  similar  locations.  For  example, 
if  the  survey  begins  at  a  cross-over,  it  should  end  at  the  head  of  a 
cross-over.  A  simple  rule  which  seems  to  be  quite  adequate  for  most 
cases  is  that  the  length  of  the  reach  should  be  at  least  20  river 
wi dths . 

About  10  cross-sections  in  the  reach  quite  adequately  describes 
the  hydraulic  geometry.  If  the  channel  is  very  uniform,  as  few  as 
five  cross-sections  may  be  satisfactory.  Some  thought  must  be  given 
to  the  precise  location  of  the  cross-sections.  It  is  suggested  that 
about  one-quarter  of  the  cross-sections  be  located  at  cross-overs 
(or  riffles),  about  one-quarter  at  pools  (in  sections  of  maximum 
depth),  and  about  one-half  at  locations  intermediate  between  cross¬ 
overs  and  pools. 

A. 2. 2  Quantitative  Data 

The  two  main  elements  in  the  quantitative  survey  are  the  longi¬ 
tudinal  profile  and  the  cross-section  data.  Of  these  two  aspects, 
the  work  related  to  the  longitudinal  profile  must  be  of  the  highest 
degree  of  precision. 
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A. 2. 2.1  Longitudinal  Profile 

The  longitudinal  water  surface  profile  should  be  carried  out 
when  the  stage  of  the  river  is  stable.  It  is  important  to  consider 
the  variability  of  the  stage  during  the  survey,  especially  on  rivers 
with  relatively  low  slopes.  Several  measurements  of  stage  should  be 
obtained  at  the  gauging  site  during  the  course  of  the  survey  in  order 
to  make  any  necessary  adjustments. 

Distances  along  the  longitudinal  water  surface  profile  may  be 
obtained  by  stadia,  if  care  is  taken  when  selecting  instrument  set-up 
locations.  If  it  is  necessary  to  continually  shoot  across  the  channel 
due  to  dense  vegetation,  etc.,  the  stadia  distances  are  questionable. 
The  survey  notes  should  include  sketches  to  show  the  approximate 
location  of  each  instrument  set-up.  Distances  obtained  from  the 
aerial  photographs  will  usually  be  within  five  or  ten  percent  of  the 
correct  distance  for  all  but  the  smallest  channels  (less  than  50 
feet  wide).  If  considered  necessary,  the  distance  along  the  profile 
and  between  cross-sections  may  be  taped. 

On  large  rivers  two  bench  marks,  located  well  above  the  high 
water  stage,  should  be  established  at  each  cross-section.  For  smaller 
rivers,  it  is  adequate  to  establish  bench  marks  at  the  upper  and 
lower  ends  of  the  reach,  in  addition  to  the  bench  mark  at  the  gauge. 

A  procedure  which  might  be  used  on  a  moderate  sized  river  using 
a  crew  of  three  is  as  follows: 

1.  Observe  the  staije  and  time  at  the  gauge. 
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2.  Locate  the  cross-sections,  bench  marks  (or  reference  elevations) 
and  obtain  all  cross-section  data  while  proceeding  upstream. 

One  shot  must  be  taken  on  the  bench  mark,  (or  reference 
elevators)  at  each  cross-section. 

3.  On  the  way  down  the  river,  the  longitudinal  profile  data  is 
obtained.  The  elevation  of  the  water  surface  is  recorded  at 
frequent  intervals.  In  shallow  streams,  the  bed  profile  may 
be  obtained  at  the  same  time  the  water  surface  profile  is 
surveyed.  All  bench  marks  (or  reference  elevations)  previously 
established  are  tied  into  the  line  of  levels  used  to  obtain 
the  water  surface  profile.  If  the  channel  is  deep,  one  bed 
profile  may  be  obtained  by  a  sonic  sounder. 

4.  At  the  gauge  the  stage  and  time  are  again  recorded. 

5.  The  profile  is  continued  downstream  with  the  bench  marks  (or 
reference  elevations)  being  set  at  the  selected  cross-sections. 

6.  After  the  profile  is  completed,  the  cross-section  data  is 
obtained  in  the  upstream  direction  to  the  gauge. 

7.  Finally  the  stage  and  time  are  recorded  at  the  gauge. 


The  advantage  of  this  procedure  is  that  the  profile  can  be 
obtained  by  a  small  field  crew  with  a  minimum  of  interruption.  This 
means  that  the  stage  will  be  relatively  constant  during  the  survey 
and  it  will  probably  be  unnecessary  to  make  adjustments  due  to  a 
varying  stage.  Obviously,  other  procedures  may  be  adopted  for  large 
rivers,  or  for  special  studies. 

The  longitudinal  profile  should  be  plotted  in  the  field  to  ensure 
that  no  major  errors  have  been  made.  It  is  also  good  practice  to 
check  the  accuracy  of  the  level  before  each  survey.  The  simple  two- 
peg  test  only  takes  about  15  minutes  to  execute,  but  it  is  worth  the 
effort  to  know  that  the  results  of  the  survey  are  acceptable. 

A. 2. 2. 2  Cross-sections 


Each  cross-section  must  be  tied  into  the  bench  marks  (or  reference 
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elevations)  established  when  surveying  the  longitudinal  profile.  The 
cross-section  data  must  be  taken  in  sufficient  detail  to  provide  a 
good  representation  of  relatively  small  topographic  features.  Enough 
shots  should  be  taken  to  clearly  identify  a  low  level  bench,  a  trim 
line  (the  interface  between  limited  or  no  vegetation  and  a  vigorous 
growth  of  hearty  shrubs  and  trees),  and  a  valley  flat.  If  a  valley 
flat  is  encountered,  one  or  two  shots  must  be  taken  on  the  flat  as 
well  as  at  the  break  of  slope.  Hand  level  shots  may  be  used  for 
establishing  the  cross-section  profile  for  any  portion  involving 
steep  banks  above  the  water  surface  unless  a  bench  mark  is  being  set. 
The  field  notes  should  clearly  indicate  the  location  of  the  shots  by 
means  of  sketches  and  descriptive  notes.  A  brief  note  describing  the 
terrain  beyond  the  last  survey  point  in  the  cross-section  is  important. 
Is  the  terrain  flat?  Is  it  roughly  sloping  at  "x"  feet  per  foot?  If 
the  valley  has  a  valley  flat  on  one  side  and  a  valley  wall  on  the 
other  side  of  the  channel,  shots  should  be  taken  up  the  valley  to 
a  point  which  is  above  the  valley  flat.  FIGURE  A.l  illustrates  the 
features  which  should  be  given  in  the  sketch  in  the  field  notes. 

The  cross-section  profile  below  the  water  surface  may  be  obtained 
by  wading  in  a  shallow  stream,  or  by  hand  sounding  from  a  boat,  or 
preferably  by  sonic  sounding  from  a  boat  for  water  depths  greater  than 
two  to  three  feet.  FIGURE  A. 2  shows  a  typical  sounding  chart  for  a 
cross-section  on  a  relatively  large  river. 

Distances  along  the  cross-section  may  be  measured  by  tape,  stadia 
or  a  range  finder  depending  upon  the  nature  of  the  survey.  Shields 
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X- Section  U4  0  Level  Shots 

Rocky  River  neor  Mountain  Town 


NOTE  I.  Chorocter  ot  Terrain  before  First  Shot  (e  g.  Flat,  etc.)  is  Described 
2.  First  Shot  is  Beyond  Break  in  Slope 

3  Bench  Marks  Set  above  High  Water  ( if  Used  ) 

4  Low  Level  Bench  Shown  ( if  Present  ) 

5.  Trim  Line  Shot  Taken 

6.  Chorocter  of  Terrain  after  Last  Shot  (  e  g  Rising  ot  Approx.  4  Ft.  in  10  Ft. ) 

7.  Vegetation  Shown 

8  Bed  and  Bonk  Material  Roughly  Described  (if  Known) 

CONVENTION  X- Section  is  Drown  os  Observed  when  Looking  Down  Stream.  Zero  Distance  on 
Left  Bank 


FIGURE  A. 1 


ILLUSTRATION  OF  CROSS-SECTION  FIELD  NOTES 
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FIGURE  A. 2  TYPICAL  SOUNDING  OF  A  CROSS-SECTION  ON  A  LARGE 
RIVER 


■ 


A10 


(1971)  and  Welch  (1971)  pointed  out  that  precise  measurements  for 
large  rivers  are  expensive  and  time  consuming,  since  a  good  horizontal 
and  vertical  control  is  necessary.  In  most  cases  a  high  degree  of 
precision  is  not  necessary  unless  small  changes  in  section  properties 
with  time  are  of  interest.  FIGURE  A. 3  shows  how  a  sounding  may  be 
tied  into  the  total  cross-section  profile. 

A. 2. 3  Qualitative  Data 

Qualitative  data  should  also  be  recorded  for  each  cross-section 
in  the  river  reach.  The  character  of  the  surface  of  the  earth  along 
the  cross-section  should  be  noted.  For  example,  it  should  show  where 
there  is  gravel,  silt,  rock  outcrops,  grass,  shrubs,  mature  trees, 
etc.  This  is  best  done  by  making  a  sketch  of  the  cross-section  and 
showing  the  character  of  the  surface  in  relation  to  the  shots  taken 
on  the  cross-section.  Any  evidence  of  high  water  marks  should  also 
be  noted. 

At  each  cross-section,  one  or  more  photographs  should  be  taken 
to  indicate  the  type  of  bank  material  and  the  general  setting.  It 
is  best  to  have  some  rough  scale  in  the  picture  such  as  a  survey  rod. 
It  is  also  advisable  to  include  a  sign  in  the  photograph  to  correctly 
identify  the  picture,  or  failing  this,  a  detailed  record  of  all 
photographs  should  be  kept.  It  is  important  to  say  if  the  picture  is 
taken  from  midstream,  left  bank,  etc.  A  few  photographs  of  the 
general  character  of  the  channel  should  be  taken  from  the  top  of  the 
river  bank  or  a  high  point  of  land.  It  should  be  remembered  that  the 
pictures,  which  are  relatively  inexpensive,  may  yield  valuable 
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FIGURE  A. 3  ONE  METHOD  OF  OBTAINING  CROSS-SECTION  DATA  FOR 
LARGE  RIVERS 
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information  at  a  later  date. 

The  general  character  of  the  bed  and  bank  material  should  be 
described,  using  a  check  list  which  can  be  quickly  filled  in  during 
the  field  visit.  A  few  minutes  observing  the  setting,  the  plant 
growth,  signs  of  high  water  marks,  etc.,  may  provide  a  useful  supple¬ 
ment  to  the  quantitative  data. 

In  addition  to  the  above  noted  data,  some  quantitative  samples 
of  the  bed  material  should  be  obtained.  If  the  banks  of  the  channel 
consist  of  fine  grained  material,  samples  of  bank  material  may  also 
be  obtained.  The  bed  material  can  usually  be  adequately  described 
by  obtaining  three  or  four  "representati ve"  samples  in  the  reach. 

A  sample  should  be  taken  near  the  center  of  the  channel  for  the  case 
of  sand  bed  channels.  For  gravel  channels,  it  is  only  possible  to 
readily  obtain  samples  under  water  if  the  stream  can  be  waded.  For 
large  gravel  channels,  it  is  best  to  obtain  samples  from  exposed 
bars  during  periods  of  low  flow.  The  sampling  sites  should  be  in 
geomorphical ly  similar  locations,  such  as  at  point  bars. 

A  grid-by-number  sample  of  50,  or  preferably  100,  will  yield 
an  "equivalent"  sieve  sample  of  the  surface  material  for  studies 
related  to  resistance  to  flow.  A  photograph  of  a  10  x  10  grid  (grid 
spacing  of  50  mm.)  on  the  gravel  surface  will  also  provide  some 
information,  especially  if  the  material  is  less  than  128  mm.  The 
photograph  will  not  only  provide  a  means  of  obtaining  a  size  distri¬ 
bution,  but  will  also  record  the  shape  and  appearance  of  the  material. 
At  least  two  grid  photographs  should  be  taken  at  each  sample  site. 
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When  taking  grid  photographs  of  gravel  surfaces,  it  is  important  to 
identify  each  picture  in  the  field,  preferably  by  using  a  title  on 
the  grid  used.  If  some  information  is  required  concerning  transport 
in  a  gravel  river  it  will  be  necessary  to  obtain  a  customary  bulk 
sieve  sample  of  the  subsurface  material.  The  details  concerning 
bed  material  sampling  are  given  in  APPENDIX  D. 

A  qualitative  description  of  each  bed  material  site  should  be 
made.  This  is  best  accomplished  by  using  data  sheets  which  may  be 
quickly  completed  during  the  field  visit.  A  photograph  of  the  general 
location  of  the  site  should  also  be  taken. 

A.  3  Summary 

This  appendix  has  presented  some  of  the  points  which  should  be 
considered  when  carrying  out  a  field  survey  of  a  river  reach.  First, 
it  outlines  work  which  should  be  completed  before  going  to  the  field, 
and  secondly  presents  some  of  the  quantitative  and  qualitative  aspects 
of  the  field  survey.  This  outline  cannot  be  considered  to  be  a 
complete  coverage  of  surveying  techniques  related  to  river  engineering 
problems,  but  it  does  attempt  to  provide  some  guidance  to  the  person 
with  limited  field  experience.  The  principles  outlined  in  this 
appendix  have  generally  been  followed  when  obtaining  the  data  for 
this  investigation. 
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COMPUTER  PROGRAM  FOR  QUANTITATIVE  ANALYSIS  OF  A  RIVER  SURVEY 
B. 1  General 

No  computer  program  can  provide  "the  results"  from  the  analysis 
of  a  river  reach,  since  qualitative  evaluations  must  be  made  in 
addition  to  the  quantitative  analysis.  However,  a  program  which 
quickly  summarizes  and  quantifies  some  of  the  standard  parameters 
is  a  useful  tool  for  the  river  engineer. 

The  program  described  in  this  appendix  takes  the  basic  field 
survey  data  and  computes  the  cross-sectional  area  and  water  surface 
width  for  each  given  flow  condition  at  each  cross-section.  The  mean 
depth  is  then  computed  from  these  two  basic  parameters.  Wetted 
perimeter  and  hydraulic  radius  are  also  computed  and  compared  with 
water  surface  width  and  mean  depth.  In  addition,  the  maximum  depth 
is  determined  at  each  cross-section  for  each  flow  condition. 

A  summary  is  presented  in  which  the  average  cross-sectional  area 
and  water  surface  width  are  computed  for  the  reach  for  each  flow 
condition.  The  coefficient  of  variation  is  also  tabulated  for  these 
two  basic  parameters  to  indicate  their  variability  within  the  reach. 

A  mean  depth  and  mean  velocity  are  computed  for  the  reach  as  well  as 
the  average  form  factor  (average  width  divided  by  average  depth)  for 
each  flow  condition.  Using  the  average  properties  for  the  reach,  the 
shear  velocity,  the  average  shear  stress,  the  Manning  "n",  the  Blench 
bed  and  side  factor,  and  the  Lacey  width  coefficient  are  computed  for 


each  flow  condition. 
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B. 2  Main  Assumptions 

Several  assumptions  have  been  made  in  order  to  make  the  analysis 
of  the  river  reach  practical.  The  main  assumptions  which  were  used  in 
the  development  of  the  program  are  as  follows: 

1.  The  longitudinal  profile  at  any  stage  is  assumed  to  be  parallel 
to  the  profile  on  the  date  of  survey.  This  is  the  most  important 
assumption,  but  is  necessary  unless  a  much  more  refined  analysis 
is  considered.  The  assumption  should  not  be  too  much  in  error 
unless  there  is  a  major  break  in  slope  in  the  reach,  or  the 
variability  of  the  cross-section  properties  in  the  reach  is  extreme. 

2.  The  average  slope  for  the  reach  is  assumed  to  be  adequate  for 
the  computation  of  such  parameters  as  shear  velocity,  average 
shear  stress,  etc.  The  average  slope  is  defined  by  drawing  a 
straight  line  through  the  longitudinal  profile  of  the  surveyed 
water  surface  such  that  the  area  between  the  profile  and  the  line 
is  balanced. 

3.  The  water  surface  at  each  cross-section  is  assumed  to  be  hori¬ 
zontal.  This  assumption  may  result  in  some  error  for  the  case 
of  gravel  rivers  with  multiple  channels  at  low  flow  conditions. 
Super-elevated  flows  may  be  accommodated  without  too  much  error 
by  using  an  average  water  surface  elevation. 

4.  The  rating  curve  adopted  for  the  reach  is  assumed  to  be  valid 
for  all  discharges  up  to  the  valley  flat  (or  some  high  stage). 

In  most  cases  the  adopted  rating  curve  must  be  extrapolated 
beyond  the  last  observed  data  point. 

5.  A  log-log  interpolation  is  assumed  to  be  valid  for  all  flows 
within  the  range  of  the  five  data  points  supplied  to  the  com¬ 
puter  from  the  adopted  rating  curve  for  the  reach.  A  second 
order  log-log  interpolation  is  made  for  the  range  of  the  first 
three  data  points,  and  a  linear  log-log  interpolation  is  made 
for  the  range  of  the  last  two  data  points. 

B.3  Advantages  of  the  Program 

Once  the  main  assumptions  are  accepted,  the  cross-sectional 

properties  and  the  average  properties  for  the  reach  (consisting  of  up 

to  15  cross-sections)  may  be  computed  for  any  discharge  within  the 

range  of  data  points  on  the  rating  curve  supplied  to  the  computer, 

provided  the  stage  is  lower  than  the  valley  flat.  The  properties  may 
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be  computed  for  up  to  14  different  discharges  in  any  given  reach. 

A  discharge  may  be  coded  as  one  of  19  characteristic  discharges,  such 
as  long  term  mean,  2-year  flood,  etc.  On  the  other  hand,  the  flow 
condition  does  not  have  to  be  specified. 


It  is  possible  to  compute  cross-sectional  properties  with 
artificial  confining  walls  imposed  on  the  section.  This  option  may 
be  useful  in  the  following  cases: 

1.  If  an  average  stage  for  the  valley  flat  is  determined  for  a 
reach  and  found  to  be  a  few  tenths  of  a  foot  too  high  for 
one  cross-section,  a  wall  may  be  inserted  at  any  location  in 
the  horizontal  to  confine  the  flow  and  generate  more  reason¬ 
able  cross-section  properties  (see  FIGURE  B.l).  The  main 
advantage  is  that  this  may  be  accomplished  without  manipu¬ 
lating  any  of  the  original  field  data.  An  option  is  also 
provided  which  allows  the  walls  to  confine  the  flow  for  all 
discharges  less  than  or  equal  to  the  stage  correspondi ng  to 
the  low  level  bench. 

2.  The  average  flow  properties  may  be  evaluated  for  small  imposed 
"artificial  constrictions"  in  the  reach.  The  same  assumption 
concerning  parallel  water  surface  profiles  must  be  considered 
to  be  valid. 

3.  If  the  first  and/or  last  surveyed  data  points  are  lower  than 
the  computed  water  level,  a  wall  is  automatically  inserted 
at  the  first  and/or  last  data  point. 

B.4  Basic  Data  Required 

An  outline  of  the  basic  data  required  for  the  analysis  is  as  follows 

1.  The  stage  at  the  time  of  the  survey,  the  average  slope  of  the 
reach. 

2.  The  limiting  stage  above  which  there  is  a  valley  flat;  or  there 
are  no  data  points  on  the  read-in  rating  curve;  or  there  are 
inadequate  survey  data. 

3.  The  rating  curve  for  a  station  in  the  reach.  It  will  usually 
consist  of  four  actually  observed  discharges  and  stages  and  one 
estimated  discharge  and  stage  from  an  extrapolation. 

The  discharges  and  the  type  of  flow  for  all  cases  for  which 
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NOTE.  WITH  "WALL",  MEAN  DEPTH  (A/WS)  IS  MORE  REALISTIC 
THAN  WITHOUT  "WALL”. 


stage:  adopted  stage  for  average  elevation  of  valley  flat 


FIGURE  B.  1  ILLUSTRATION  OF  THE  USE  OF  AN  "ARTIFICIAL  CONFINING 
WALL"  TO  GIVE  MORE  REALISTIC  HYDRAULIC  GEOMETRY  DATA 
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properties  are  to  be  computed. 

5.  The  elevation  of  the  water-surface  at  each  cross-section  on  the 
date  of  the  survey.  The  location  of  walls  at  each  cross-section, 
if  any,  along  with  a  code  to  indicate  if  the  walls  are  to  apply 
for  all  stages  or  only  for  stages  below  the  low  level  bench. 

6.  The  X  and  Y  coordinates  for  the  points  on  each  cross-section. 

B. 5  Detailed  Data  Preparation 

The  detailed  instructions  for  coding  the  input  data  for  a 
reach  are  given  in  this  section.  The  data  preparation  for  the 
hydraulic  geometry  program  falls  under  the  following  main  headings: 

1 .  General  data  for  the  reach 

2.  Cross-section  data  for  the  reach 

The  first  set  of  numbers  on  the  left  are  the  column  numbers  and  the 
second  code  is  the  format  used  to  store  the  data  on  cards.  The 
description  of  the  data  to  be  stored  is  given  to  the  right  of  the 
format  requirements. 

B.5.1  General  Data  for  the  Reach 

The  general  data  for  the  reach  are  stored  on  the  first  six 


cards  as  follows: 
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FIRST  CARD:  TITLE  CARD 

1-  5  15 

Research  Council  of  Alberta  Number  for  Reach,  Right 
Justified  (R.J.). 

6-45  1 0A4 

Name  of  Reach,  Left  Justified  (L.J.). 

46-53  2A4 

Water  Survey  of  Canada  Code  (R.J.).  eg.  11AA023. 

54-61  2A4 

Date  of  Survey  (R.J.).  Must  be  day  for  the  reference 
stage  and  discharge  for  the  Reach.  The  date  is  given 
as  day,  month  (using  3  letter  abbreviation),  year  (using 
last  two  digits),  (e.g.  27SEP70) 

62-63  2X 

Blank  (may  be  used  for  code  at  later  date  if  program 
needs  to  be  modified). 

64-68  F5.2 

Stage  in  feet  at  gauge  on  the  date  of  survey.  The 
stage  must  correspond  to  the  discharge  for  the  date 
of  survey  for  the  Reach. 

69-76  F8.6 

Slope  for  Reach  in  ft/ft. 

77-80  A4 

Must  be  "TITL"  (code  for  title  card). 

SECOND  CARD:  FIRST  RATING  CURVE  CARD 

1-  5  15 

Research  Council  Number  (R.J.). 

6-45  1 0A4 

Name  of  Reach  (L. J. ) . 

46-49  4X 

B1  ank 

50-57  F8.2 

Gauge  zero  elevation  in  ft.,  use  geodetic  elevation  if 
available.  This  must  be  the  gauge  zero  applicable  to  the 
rating  curve  used  in  the  Second  Rating  Curve  Card.  This 
information  is  not  used  in  this  computation. 

58-63  F6.2 

Limiting  stage  for  analysis.  This  stage  is  necessary  for 
one  of  the  following  reasons: 

1.  Major  valley  flat  present 

2.  No  data  points  to  define  geometry 

3.  Rating  curve  extrapolation  not  reasonable 

64-67  A4 

Curve  (or  table)  number  used  for  rating  curve  (R.J.). 

64-67 
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68-69 

70-72 

73-76 

77-80 


1-  5 
6-11 
12-18 

58-63 

64-70 

NOTE: 


71-72 


73-76 

77-80 


A2  Day  J 

A3  Month  j  for  Rating  Curve  (e.g.  13N0V1967) 

A4  Year  ) 

A4  Must  be  "RATI"  (code  for  First  Rating  Curve  Card). 


THIRD  CARD:  SECOND  RATING  CURVE  CARD 


15  Research  Council  Number  (R.J.). 

F6.2  Stage  in  ft. 

F7.0  Corresponding  discharge  in  cfs. 

(continues  as  F6.2,  F7.0) 

F6.2  Stage  in  ft. 

F7.0  Correspondi ng  discharge  in  cfs. 

1.  Five  stages  and  correspondi ng  discharges  must  be  used. 

If  possible,  the  points  should  be  observed  stages  and 
discharges.  However,  the  last  point  is  usually  obtained 
by  extrapolation. 

2.  The  stage  and  discharges  must  be  in  ascending  order. 

3.  The  first  data  point  read-in  for  the  rating  curve  must  be 
for  a  discharge  which  is  smaller  than  the  smallest  discharge 
used  in  the  analysis,  and  the  last  point  must  be  for  a  stage 
which  is  equal  to  or  greater  than  the  limiting  stage  on  the 
card  "RATI". 

4.  If  possible,  the  Rating  Curve  should  be  the  one  used  by  the 
official  government  agency  for  the  date  of  survey. 

A2  Code  for  last  points  on  Rating  Curve. 

1.  Blank  =  No  extrapolation  for  last  point 

2.  *  Last  point  obtained  by  extrapolation 

3.  **  =  Last  two  points  obtained  by  extrapolation 

(usually  this  last  code  will  not  be  used) 

A4  Year  of  the  Rating  Curve.  Must  be  same  as  year  in 

Col.  73-76  of  RATI. 

A4  Must  be  "RAT2"  (code  for  Second  Rating  Curve). 


' 
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FOURTH  CARD:  FIRST  DISCHARGE  CARD 


1-  5  I  5 
6-12  F7.0 
13-14  12 

60-66  F7.0 
67-68  12 
69-76  8X 
77-80  A4 


Research  Council  Number  (R.J.). 

Characteristic  Discharge  in  cfs  . 

[•First  for  Card 

Code  for  characteri sti c  discharge^ 

(continues  as  F7.0,  12) 

Characteri  sti  c  Discharge  in  cfs.  ^  Seventh  and  last 

>  for  card 

Code  for  characteristic  discharge 
Blank 

Must  be  "DIS1"  (code  for  first  discharge  card). 


FIFTH  CARD:  SECOND  DISCHARGE  CARD 

1-76  Same  as  for  first  discharge  card 

77-80  A4  Must  be  "DIS2"  (code  for  second  discharge  card). 


CODES  FOR  CHARACTERISTIC  DISCHARGES 


1  = 

Survey 

2  = 

Long  Term  Mean; 

Full 

Year 

3  = 

Long  Term  Mean; 

Mar 

-  Oct 

4  = 

Long  Term  Mean; 

Apr 

-  Oct 

5  = 

1 . 5  Year  Flood 

6  = 

2  Year  Flood 

7  = 

5  Year  Flood 

8  = 

10  Year  Flood 

9  = 

25  Year  Flood 

10  =  50  Year  Flood 


12  =  0.5%  Flow  Duration  Based  on  Year 

13  =  1%  Flow  Duration  Based  on  Year 

14  =  5%  Flow  Duration  Based  on  Year 

15  =  10%  Flow  Duration  Based  on  Year 

16  =  50%  Flow  Duration  Based  on  Year 

17  =  Flow  for  Stage  at  Low  Level  Bench 

18  =  Flow  for  Stage  at  Trim  Line 

19  =  Flow  for  Stage  at  Valley  Flat 

20  =  Not  Specified 

21  =  See  Note 

Blank  =  Not  Specified 


11  =  100  Year  Flood 
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NOTE :  1.  The  discharges  in  DIS1  and  DIS2  may  be  in  any  order. 

2.  Codes  from  above  table  will  be  printed  out  with  analysis. 

3.  Both  DIS1  and  DIS2  must  be  supplied  even  if  there  are  no 
discharges  (and  codes)  on  DIS2. 

4.  Maximum  number  of  discharges  is  14. 

SIXTH  CARD:  COMMENT  CARD 

This  card  must  be  blank  if  no  comments  are  required. 
If  comments  are  required  use  the  following  format: 

1-  5  A1  ,A4  Research  Council  Number  (R.J.). 

6-80  18A4,  r 

^2  Comments. 

B.5.2  Cross-Section  Data  for  the  Reach 

The  cross-section  data  for  the  reach  are  stored  on  two  to 
eleven  data  cards  as  follows: 


FIRST  CARD:  GENERAL  CROSS-SECTION  DATA  AND  CODES 


1-  5  15  Research  Council  of  Alberta  Number  (R.J.). 

6-45  10A4  Reach  Name  (L.J.) 


46-53  F8.2  Water  Surface  Elevation  in  feet  at  Cross-Section 

corresponding  to  discharge  on  date  of  survey.  Use 
geodetic  elevation  if  available.  If  possible,  use 
the  elevation  to  nearest  0.01  foot.  (If  the  stage 
varied  during  the  survey,  attempt  to  use  water  surface 
elevations  corresponding  to  the  reference  discharge  for 
the  date  of  survey. ) 


54-58  F5.0  Location  of  first  left  wall  in  feet. 


NOTE:  This  only  applies  if  the  cross-section  has  to  be  controlled  to 
give  realistic  bankful  1  properties.  For  example,  in  the  foll¬ 
owing  case  a  wall  is  inserted  at  a  distance  of  100  feet  from 
origin.  The  distance  for  the  wall  may  be  in  a  negative 
direction  if  necessary. 


I 


BIO 


FIRST  LEFT  WALL  AT  100  FT. 


The  distance  for  the  location  of  the  wall  may  be  any 
value  except  0.0  and  -999.  If  a  wall  is  required  at 
0.0  place  it  at  0.1.  The  value  0.0  is  used  as  a  test 
and  the  value  -999  is  printed  out  if  no  wall  is  used. 


59-63  F5.0  Location  of  first  right  wall  in  feet. 

64-68  F5.0  Location  of  second  left  wall  in  feet. 

NOTE :  This  wall  may  only  be  used  in  there  is  a  first  right  wall. 
For  example: 


FIRST  RIGHT  WALL  AT  700  FT. 

SECOND  LEFT  WALL  AT  1000  FT. 

69-73  F5.0  Location  of  second  right  wall  in  feet. 

NOTE:  This  wall  may  only  be  used  if  there  is  a  first  right  wall  and 
a  second  left  wall . 

74  II  Code  for  applicability  of  walls 

BLANK  =  all  flows 

1  =  only  for  flows  equal  or  less  than  flow 
corresponding  to  low  level  bench. 


. 
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75-80  A2,A4  Cross-section  name  (R.J.).  eg.  U4 

SECOND  CARD:  CROSS-SECTION  DATA 


1-  5 

15 

Research  Council  Number  for  Reach  (R.J.). 

6-11 

F6.0 

First  X  for  card 

12-18 

F7.1 

First  Y  for  card 

(continues  F6.0,  F7.1) 

58-63 

F6.0 

Fifth  X  for  card 

64-70 

F7.1 

Fifth  Y  for  card 

71-74 

4X 

Blank 

75-80 

A2,A4 

Cross-section  name  (R.J.). 
first  cross-section  card. 

Must  be  same  as 

used 

for 

NOTE: 

1.  If 
the 

possible,  0.0  should  be  the 
cross-section  when  looking 

initial  point  on 
downstream  since 

the 

this 

left  of 
is  a 

standard  convention.  However,  it  is  not  necessary  to  use  this 
convention. 

2.  X  values  must  increase  or  remain  the  same,  they  must  never 
decrease. 

3.  X  values  may  be  negative. 

4.  Y  values  must  not  take  the  value  0.0  since  this  value  is 
used  as  a  test. 

5.  If  no  wall  is  inserted  a  "Y"  on  the  left  and  right  of  the 
channel  should  be  greater  than  the  maximum  water  surface 
elevation  for  the  analysis.  This  is  not  a  necessary 
condition  since  the  program  automatically  inserts  a  wall 

at  the  first  and/or  last  data  point  under  such  circumstances. 


THIRD  (TO  THE  ELEVENTH)  CARD:  CROSS-SECTION  DATA 


Same  format  as  second  card. 

NOTE:  1.  Continue  to  put  5  data  points  on  each  card  until  all  points 
are  coded. 


■ 


2. 
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The  last  card  with  data  for  the  cross-section  may  have  from 
1  to  5  data  points. 

3.  It  is  possible  to  use  up  to  and  including  50  values  of  X 
and  50  values  of  V  for  any  cross-section. 


LAST  CARD  FOR  CROSS-SECTION 


1-76  76X  Blank 

77-80  A4  Must  be  "XEND"  (code  for  end  of  cross-section). 

NOTE :  Each  cross-section  for  the  Reach  is  coded  as  outlined  above. 
(Maximum  number  of  cross-sections  is  15.) 


LAST  CARD  FOR  REACH 


1-76  76X  Blank 

77-80  A4  Must  be  "REND"  (code  for  end  of  Reach). 

NOTE :  Each  Reach  is  coded  as  outlined  above.  If  more  than  one  Reach 
to  be  analysed  continue  as  follows:  (No  limit  on  number  of 
Reaches ) 

First  card  for  next  Reach 


Last  card  for  next  Reach  must  be  "REND". 


LAST  CARD  FOR  A  SERIES  OF  REACHES 


1-76  76X  Blank 

77-80  A4  Must  be  "END"  (R.J.)(code  for  end  of  job). 

NOTE :  The  dimension  statements  may  easily  be  changed  to  allow  more 
than  50  points  per  cross-section,  or  more  than  15  cross- 
sections  in  a  reach.  To  compute  hydraulic  geometry  properties 
for  more  than  14  discharges  for  a  Reach  it  would  be  necessary 
to  rerun  the  data  for  the  Reach  or  make  some  minor  modification 
to  the  read  statements  and  dimension  statements. 
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B.6  An  Example 

A  sample  computer  print-out  is  presented  in  FIGURES  B.2,  B.3 
and  B.4  to  illustrate  a  cross-sectional  analysis  with  and  without 
an  "artificial  confining  wall"  and  a  reach  summary.  A  print-out 
of  the  data  cards  and  control  cards  for  this  example  is  shown  in 
FIGURE  B.5. 

B. 7  Listing  for  Hydraulic  Geometry  Program 

The  hydraulic  geometry  program  was  written  in  Fortran  IV 
and  was  processed  by  the  Fortran  IV  compiler  under  the  Michigan 
Terminal  System  on  the  IBM  360-67  computer  at  the  University  of 
Alberta  Computing  Center.  The  listings  for  the  main  program  and 
subroutines  are  presented  on  the  following  pages. 


CPOSS-SECT  ICN  CAT  A  FOR  X-SECTICN  UT  DATE  OF  SURVFY:  11JUN70 
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H 

117 

SWAN  RIVER  NEAR 

K  INUSO 

WATER  SURVEY 

COOE: 

76  JO  1 

* 

117 

OATE  CF 

SURVEY 

11  JUN70 

STAGE  FOP  SURVEY 

-  3.05  FT. 

LIMITING 

STAGE  FOR  ANALYSIS 

=  15.35  FT. 

H 

117 

RATING 

CURVE : 

C  8 

1969 ;  GAUGE  ZERO 

*  75.95  FT. 

STAGF 

0 

STAGE 

0 

STAGE  0 

STAGE 

0 

STAGE 

0 

1 .00 

70. 

3.17 

500. 

5.00  1000. 

12.80 

4  000. 

16.80 

6000. 

SUMMARY  FCR  PEACH:  NUMBER  OF  X-SEC  =  5  SLOPS  FOR  REACH  =  0.000200  FT/FT. 

X- SE  C  T ICNS  USED:  U3,  U2,  Ul.  G,  01, 


F  1  OW 

STAGE 

COOE 

AREA 

OVA 

ws 

cvws 

OM 

WS/DM 

VM 

456. 

3.00 

LTM: YEAR 

302. 

0.15 

92. 

0.09 

3.29 

27.9 

1.51 

747. 

4.  13 

L  T  M : 4-  1 0 

408. 

0.13 

96. 

0.09 

4.24 

22.7 

1.83 

3800. 

12.36 

1.5YR  FI 

1315. 

0.1? 

125. 

0.11 

10.56 

11.8 

2.  89 

4940. 

14.75 

0.57  OUR 

1625. 

0.  1  1 

135. 

0.12 

12.06 

11.2 

3.04 

3890. 

12.56 

17  OUR 

1340. 

0.12 

126. 

0. 10 

10.66 

11.8 

2.90 

2400. 

9.05 

57  OUR 

924. 

0.1? 

113. 

0.13 

8.17 

13.9 

2.60 

1400. 

6.  28 

107  OUR 

623. 

0.1? 

104. 

0.12 

6.02 

17.2 

2.25 

5220. 

15.35 

VAL  FIAT 

1707. 

0.11 

138. 

0.11 

12.37 

11.1 

3.06 

470. 

3.05 

SURVEY 

306. 

0.15 

92. 

0.09 

3.33 

27.6 

1.53 

FLOW 

CODE 

V* 

V/V* 

TAU 

N 

V**  2/ D 

V**3/WS 

WS/Q**.5 

456. 

LTM: YEAR 

0.  15 

10.37 

0.041 

0.031 

0.69 

0.04 

4.29 

747. 

L  T  M  :  4  - 1 0 

0.  17 

11.08 

0.053 

0.030 

0.79 

0.06 

3.52 

3800. 

1.5YP  FL 

0.26 

l  1  .  C  8 

0.132 

0.035 

0.79 

0.19 

2.02 

4940. 

C . 57  DUR 

0.  28 

10.91 

0.151 

0.036 

0.77 

0.21 

1.92 

3e90. 

17  DUR 

0.  26 

11.08 

0.133 

0.035 

0.79 

0.19 

2.01 

2400. 

57  DUR 

0.23 

11.32 

0.102 

0.033 

0.82 

0.15 

2.31 

1400. 

107  DUR 

0.20 

11.40 

0.C75 

0.031 

0.84 

0.11 

2.77 

5220. 

VAL  ELAT 

0.28 

10.83 

0.154 

0.037 

0.76 

0.21 

1.91 

470. 

SURVEY 

0.  15 

10.48 

0.042 

0.031 

0.71 

0.04 

4.24 

ALL  UNITS  ARE  FT. -LB. -SEC.  UNITS 


FIGURE  B.4 


AN  EXAMPLE  OF  A  COMPUTER  PRINT-OUT  OF  A  REACH  SUMMARY 
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

oocoooooooooaooooooooooacjoaonCiOooooooooooQaootmooooouooooooooooooooaocioaocmooooo 

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL 
1  111  11  111  12 2? 2  22  22  223 33 3 3333 33444 >444444  5  5 55 5 55  5  5 56666 666  666 777  7 77777  78 
12345670901234567890123456789012345678901234567890123456789012345678901234567890 
C_ LAST  JOB  CONTROL  CARD  BEFORE  DATA 


117  SWAN  RIVER  NEAR 

KI  MJSO 

7BJ01  11JUN70 

• 

c 

o 

• 

000  20  T  I  TL 

117SWAN  RIVER  NEAR 

KINUSO 

74.95  15 

.35 

C  8 

1969RAT1 

1  17 

1.00 

70  3 

.17 

500 

5.00 

1000 

12.80  4000  16 

.  60 

6000 

1969RAT2 

117 

456 

2  747 

4  3800  5 

5300 

6  494012  389013 

240014 

DIS1 

117 

140015  522019 

470  1 

DIS2 

117  SWAN  R I 

VER  NEAR 

KI  NUSO 

78.60 

132 

U  3 

117 

-10 

91.2 

C 

91.2 

7 

90.5 

16  82.9 

22 

78.6 

U3 

117 

25 

76.9 

41 

76.2 

56 

76.0 

72  75.6 

90 

75.  1 

U3 

117 

104 

75.  3 

114 

74.  1 

118 

77.  1 

120  78.6 

127 

82.6 

U3 

1  17 

135 

90.5 

145 

90.5 

IJ3 

XEND 

1 1 7  SWAN  R I 

VER  NEAR 

KINUSO 

78.50  6 

U2 

117 

-18 

97.0 

-8 

97.0 

-4 

90.0 

0  90.0 

8 

89.4 

U2 

117 

11 

83.  8 

15 

81.5 

20 

78.5 

28  77.9 

43 

76.0 

U2 

1  17 

57 

7  4.8 

70 

74.  1 

83 

72.5 

101  70.5 

107 

73.1 

U  2 

1 1  7 

1  10 

77.  1 

118 

78.5 

122 

79.2 

131  80.4 

143 

83.3 

U2 

117 

153 

87.  1 

173 

91.1 

194 

95.0 

204  95.0 

U2 

XEND 

1 1 7 SWAN  R I 

VER  NEAR 

KINUSO 

78.10 

Ui 

117 

-10 

90.5 

0 

90.5 

2 

89.8 

17  80.6 

20 

7a.  1 

U1 

117 

23 

78.  1 

40 

72.  6 

48 

73.2 

60  73.8 

70 

73.  5 

Ul 

117 

84 

75.0 

97 

75.4 

103 

77.2 

105  78.1 

1 12 

82.  2 

Ul 

117 

1  16 

83.  3 

124 

87.  1 

132 

89.3 

140  97.3 

150 

97.3 

Ul 

XEND 

117 

SWAN  RIVER  NEAR 

KINUSO 

70.00 

G 

117 

-10 

93.6 

0 

93.6 

12 

85.4 

18  81.4 

20 

78.0 

G 

117 

22 

74.  1 

41 

74.8 

56 

74.6 

70  74.4 

82 

74.4 

G 

117 

103 

74.  1 

116 

75.6 

118 

78.0 

132  89.3 

143 

91.2 

G 

117 

152 

93.  5 

162 

93.5 

G 

XEND 

1 17 SWAN  RIVER  NEAR 

KINUSO 

77.40 

D  1 

1 17 

-1  0 

91.9 

0 

91.9 

12 

87.4 

18  81.3 

22 

77.4 

D 1 

117 

23 

75.  0 

28 

72.4 

44 

72.8 

66  74.2 

70 

75.2 

D 1 

117 

104 

75.9 

106 

77.4 

107 

80.4 

110  81.6 

117 

65.9 

D 1 

117 

1  33 

87.3 

135 

89.4 

137 

91.4 

147  91.4 

D  1 

X  END 
REND 
END 


C  FIRST  JOB  CONTROL  CARD  AFTER  DATA 

1111 1111112222222222333333333344444444445555555555666666666677777777778 
12345  6  789012  345  6  7890123456789012345  6789012  34  56  78  90  12 3456  7890 1234567  8901 234  56 7  890 


FIGURE  B. 5 


A  PRINT-OUT  OF  THE  DATA  CARDS  AND  CONTROL  CARDS  USED  TO  GENERATE 
THE  RESULTS  GIVEN  IN  THE  EXAMPLE  SHOWN  IN  FIGURES  B.2,  B.3  AND 
B.4 
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c 

f. 

c 
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****************************************************************** 
CCMPUTATICN  OF  HYDRAULIC  GECMETRY  -  D.  I.  BRAY  -  1970 

****************************************************************** 


THIS  PROGRAM  IS  DESIGNED  TO  READ  IN  SOME  GENERAL  DATA  FOR  A  RIVER 
REACH  AND  THE  CROSS-SECTIONAL  DATA  FOR  THE  REACH.  GEOMETRIC 
AND  HYCRAULIC  PARAMETERS  ARE  COMPUTED  AND  PRINTED  OUT  FOR  EACH 
CROSS-SECTION.  FINALLY  THE  AVERAGE  GEOMETRIC  AND  HYDRAULIC 
PARAMETERS  FOR  THE  REACH  ARE  COMPUTEO  AN C  PRINTEO  OUT. 

THE  DIMENSION  STATEMENTS  WILL  HAVE  TO  RE  CHANGED  TO  ACCOMODATE 

MORE  THAN  15  C RC S S- SEC T I C N  IN  THE  REACH  AND  MORE  THAN  14  OF  THE 
21  DIFFERENT  FLOW  CONDITIONS.  THE  DIMENSIONS  FOR  THE  X  AND  Y 
COORDINATES  WILL  HAVE  TO  BE  CHANGED  IF  THERE  ARE  MORE  THAN 
55  POINTS  FOR  ANY  CRO S S- S EC T I CN. 

A  MORE  DETAILED  WRITE-UP  OF  THIS  PROGRAM  IS  AVAILABLE  FROM  THE 
AUTHOR. 


IREACH(IO),  IWSC(2)«IDSUR(2)»EWSS( 12) 

SR  (5)  » QR ( 5 ) »  SRL ( 5 ) , QRL  (  5 ) ,  Q<  1  5  )  f  I Q  {  1 5  ) ,  QL  ( 1 5  I ,  SL 1 1 5) 

S(  15)  ,  X  ( 55) »Y( 55 ) »  CA ( 15)* I Q A ( 15) 

A( 14, 15) ,WSC  14,15),WP( 14, 15) ,D( 14,15),RH( 14,15) ,V(14,15) 
DM  A  X ( 14,15) 

W<  14) 

AA(14)*AWS(14),CVA(14) ,CVWS( 1 4 ) , D A ( 1 4 ) , VM ( 1 4 ) , V ST AR ( 1 4 ) 
VBVST< 14) ,TAU( 14) , AN ( 14 ) , BEDF ( 14 ) , S I DEF ( 14 ) , W I DEF ( 14 ) 
FFACTI 14) 

NAME1 <  21 ),NAME2C21) 

IXSI 16) , IXSECI 16) , ICOMI 18) 

NAME1  (1)/'  SU*/,NAME2(  D/'RVEY*/ 
NAMElt2)/'LTM:•/.NAME2<2)/,YEAR,/ 
NAMEl(3)/•LTM:•/,NAME2(3)/'3-10,/ 
NAMEl(4)/'LTM:'/,NAME2(4)/'4-10'/ 

NAME1 (5)/* 1  •  5Y  • /.NAME2 (5 )/'R  FL'/ 

. - . *  . . . FL  '/ 

FL'/ 

FL'/ 

FL'/ 


I  MENS  ION 
IMENSION 
IMENS ION 
IMENSION 
IMENSION 
IMENSION 
IMENSION 
IMENSION 
IMENSION 
IMENSION 
IMENSION 
ATA 
A  TA 
ATA 
ATA 
ATA 

ATA  NAME  1 ( 6 ) / •  2  Y ' / , NAME2 ( 6 ) / ' R 
ATA  NAME1I7)/'  5  Y • / , NAME2 < 7 ) / • R 
ATA  NAMEim/'lO  Y  •  /  ,  NAME2  C  8  )  /  •  R 


DATA 

NAME1 ( 10 )/ 

•50  Y 

' / , NAME  2 ( 10)/ 

•R  EL 

•/ 

DATA 

NAME  1 ( 11)/ 

•  l  00  Y 

'/,NAME2(  11)/ 

•R  FL 

•/ 

DATA 

NAME1  ( 12)/ 

•0.57 

• /.NAME2 ( 12) / 

'  DUR 

•/ 

DATA 

NA ME  1 {  1  3  )  / 

•  1 7 

• /,NAME2( 13) / 

•  DUR 

'/ 

CATA 

NAME1 ( 14  )/ 

•  57 

• / , NAME  2 (  14) / 

•  DUR 

•/ 

DATA 

NAME1 (15)/ 

'  107 

• / , NAME  2 (  1  5  )  / 

•  DUR 

•/ 

DATA 

NAME1 (  16  )  / 

•  5C7 

• / , NAME  2 ( 16  )  / 

•  DUR 

•/ 

DATA 

N  A  M  E  1  (  1  7  »  / 

'LL  B 

' / , N AME  2 (  17)/ 

•  ENCH 

•/ 

CATA 

NAME1  (  18  )/ 

•TRIM 

• /.NAME2 (  1ft  )  / 

•  LIN 

•/ 

CATA 

NAME  1 (19)/ 

•  VAL 

• /,NAME2(  19) / 

'FLAT 

•/ 

DATA 

NAME1 (20)/ 

•NOT 

• /,NAME2(20)/ 

•SPEC 

•/ 

DATA 

NAME1 (21  )/ 

•SEE 

*/,NAME2(21  )/ 

•NOTE 

'  / 

A  NAME1  (  2  1  )  /  '  SEE  • / ,  N A ME 2 ( 2 1 ) / ' NO T E • / 

FGER  IT  ITT/'TITL'/ »  IRATIT/'RATl'/ ,IRAT2T/'RAT2'/ 
FGFR  IDISIT/'DISI'/, IDIS2T/'0IS2'/ 
c<~co  IXEND/'XEND'/,  IREND/'REND'/,  ISEND/'  ENO'/ 


' 


. 


n  n  n  n  n  on 
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I  P*  5 
I  P  =  6 

C  INITIATION  FOR  NEW  REACH 

571  JCM=14 
K  M=  1 5 

JCM  -  THE  MAXIMUM  NUM8FR  OF  DISCHARGES  ALLOWEO 
KM  =  THE  MAXIMUM  NUMBER  OF  CROSS  SECTIONS  ALLOWED 
DO  1  J*  1 »  J  DM 
DO  2  K= 1 , KM 
WS( J,K>*0.0 
WP(J.KI=0.0 
A ( J,K)=0.0 
D ( J  *  K ) -0 • 0 
PH( J,K)=0.0 
DMAX(J»K)=0.0 
2  CONTINUE 
1  CONTINUE 

READ! IR,600) INUM1 , IREACH(l) « I  REACH! 2), I  REACH (3 ) , I  RE AC HI  4 ) , I  REACH (5 
1),IREACH(6),IREACH(7),IREACH(8) , I  RE ACH ( 9 > , I RF ACH ( 10 ) , I WSC ( 1 ) , IWSC( 
12  ) , IDSUR ( 1 ) . IDSUR ( 2 ) , SUP VSG , SLOPE , ITI TL E 
IF( ITITLE.EO.ISEND)  GC  TO  454 
I  F  (  IT  ITLE.NF  .  IT  ITT  )  GO  TO  565 

RFAD( IR,601 ) INUM2, I  REACH! 1),IREACH(2),IREACH(3),IREACH(4), I  REACH! 5 
1 ) , I  REACH (6) ,IREACH(7),IREACH(8),IREACH(9), I  REACH ( 10) , GAGE Z , BANKSG, 
lINRCtIDAY*  IMCNf  IYYR»IRATE1 
IF(  INUM2.NE.  INUM1 )  GO  TO  565 
IF(  IRATE  l.NF. IRATIT  )  GO  TO  565 

RFAD(IR,602)INUM3.SR(1),QR(1),SR(2),QR(2).SR{3),0R(3),SR(4),QR(4), 
1 S  P ( 5 )  ?  OR ( 5 ) » ICCDER,  IYYRCt IRATE2 
I  F (  lYYRC.NE.IYYR)  GO  TO  565 
IF ( INUM3.NE. INUMl)  GO  TO  565 
IF (IRATE2.NE. IRAT2T )  GO  TO  565 

READ!  IR.603)  INUM4.CI  1  )  ,  1 0 (  1  )  ,G(  2)  .  IQ(2>  ,0(3) ,  1 0 (  3)  ,0(4)  ,  I <3(41,0(51 
1,10(5), 0(6), 10(6), 0(7), 10(7), I0IS1 
IF ( INUM4.NE.  INUMl )  GO  TO  565 
i F ( IDIS1.NF. I0IS1T )  GO  TO  565 

RFAC( IR.6C3  )  INUM5.0I 8 ), 10(B), C(9), 10(9), 0(10), 10(10), 0(11), 10(11), 
10(12), 10(12), 0(13), 10(13), 0(14), I Q( 14) , l DI S2 
IF( INUM5.NE.  INUMl )  GC  TO  565 
IFUDIS2.NE.  IDIS2T  )  GC  TO  565 

RFAD< IR.869 ) INUMA, I  NUMB, ( ICOM( I ) , 1=1, 18) , I  COM 19 
869  FCPMAT (A1,A4,18A4,A3) 

IPPITT  IS  USED  AS  A  TEST  FOR  A  PRINT  OUT 
I  PR  I T  T  =  0 

TEST  TO  ENSURE  THAT  STAGES  AND  DISCHARGES  ARE  IN  INCREASING  ORDER 
DC  72  M - 1,4 

IF (SR (MFl ) ,LT.SR( M) )  GO  TO  575 
IF (0R(M*1) .LT.CR(M) )  GO  TO  575 
72  CONTINUE 

DETERMINE  CISCHARGES  EQUAL  TO  OR  LESS  THAN  BANKFULL 
393  DC  230  J=i,JDM 
I JVF= 19 

IF ( IO(J).EO. IJVF)  GC  TO  231 

NCTE :  10  =  IJVF  IS  THE  CODE  FCR  BANKFULL  DISCHARGE  AT  THE 
VALLEY  FLAT. 


- 
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230  CONTINUE 
GO  TO  293 

231  OB  ANK  =  0 ( J 1 
GO  TO  299 

C  ONLY  GOES  THROUGH  THIS  SECTION  IF  NO  VALLEY  FLAT 

293  OC  71  M=l,5 

NOTE:  ONLY  5  POINTS  ON  THE  RATING  CURVE,  LAST  PT.  MUST  BE  GE. 
BANKFULL  . 

I F  C  SR ( M ) .GE.BANKSGI  GO  TO  351 

C  BANK SG  =  THE  LIMITING  STAGE  FOR  THE  REACH,  NOT  NECESSARILY  BANK- 

C  FULL.  MAY  BE  LIMITED  SURVEY  OATA,  ETC. 

71  CONTINUE 
GC  TO  569 
351  M 1  =  M— 1 

SPL(M)=ALCG(SR(MI  ) 

SPL(Ml)=ALCG(SRCMin 
OPL(M)=ALOG(CRIM) ) 

OPL ( Ml )=ALCG (CRCMl) ) 

BANKFL=ALCG( PANKSG) 

CPANKL  =  ORL ( R1)+(QRL<  M)-ORL( Ml ) ) /( SRLIM )-SRL (Ml ) ) *( BANKFL-SRL (Mill 
QPANK=EXP( OPANKL ) 

C  AC JL ST  DISCHARGES  BY  CMMITING  ALL  DISCHARGES  GT.  BANKFULL 

259  J=1 
JA  =  1 

360  IF(J.GT.JDM)  GO  TO  366 
I F  <  0(J) .GT .CBANK)  GO  TO  361 
IF(0(J).LT.0RU)l  GO  TO  361 
IF(0( J). EC. 0.0)  GO  TO  361 
QA( JA)=OI JI 
IOA(JA)-ICIJ) 

J  =  J  +  1 
J  A  =  J  A+- 1 
GO  TO  360 

361  J  =  J-t-1 
GC  TO  360 

366  JF= J A— 1 
K=  1 

C  READ  CROSS-SECTION  CATA 

539  P  E  AD ( I R , 60  4 )  I NUM6  »  EWS  S ( K I , WL 1 T , WR 1 T , WL 2T , WR 2T , I W AL L T , I  X S  ( K  )  , IXSECI 
IK  ) 

C  AIL  WALLS  SHOULD  BE  LOCATED  AT  A  DISTANCE  GREATER  THAN  0.0 

I  F  (  I  XSEC< K  )  . EO. IREND )  GO  TO  537 
I F ( INUM6.NE. INUM1 )  GO  TO  565 
N=  1 

451  PEAD(IR.6C5) INUM7, X (N),Y<N),X(N*l),Y(N+l),X(N+2>,Y(N*2),X(N+3l,Y(N 
l  +  ?)»X(N+-4)  ,Y(N  +  4)  ,  IXSECT 

IF  (  1XSECT. EC. IREND)  GC  TO  565 
IF  (  IXSECT. FO.  IXEND)  GC  TO  452 
I  F  (  INUM7.NE. INUM1 )  GO  TO  452 
IF!  IXSECT. NE. IXSEC(K)  )  GO  TO  565 
N=N*5 
NT=N-1 
GC  TO  451 

452  I  F  (  INUM7. EO.O )  GO  TO  453 
GO  TO  565 


. 
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453  I F ( I XSECT.EQ.ISEND)  GO  TO  565 
f.  TEST  TO  CHECK  THAT  X  VALUES  ARE  IN  ASCENDING  ORDER 

N*  1 
NF*  1 

2*35  IF(X(NM).GE.X(N)  )  GO  TO  296 
IF(X(N+1>.EQ.0.0)  GO  TO  297 
GC  TO  566 
296  NF=NF* 1 
N=N*  1 

IF(N.EO.NT)  GO  TO  297 
GC  TO  295 

C.  CHECK  TO  ENSURE  THAT  VALUES  OF  Y  ARE  NOT  EO.  TO  ZERO 

257  DO  65  N= 1 »  NF 

IFIY(NI.EC.O.O)  GO  TO  568 
65  CONTINUE 
NFY=NF*1 
Y I NFY ) =0  *  0 

DETERMINE  STAGE  FOR  WALL  TEST 

IF  WALL  IS  FOR  ALL  STAGES  I W ALL T  =  0;  IF  WALL  IS  FOR  ALL  STAGES 
LE.  TO  THE  LOW  LEVEL  BENCH  I WALL T  *  1 
IF ( I WALLT • EC.O )  GO  TO  468 
I JLL-  1 7 

IJLL  IS  THE  VALUE  OF  IOA  CORRESPONDING  TO  THE  LOW  LEVEL  BENCH 
DC  238  J=1 »JF 

IFIIOAI J). EC. IJLL)  GO  TO  239 

238  CONTINUE 

LOW  LEVEL  BENCH  STAGE  NOT  AVAILABLE 
I  WALL  T=0 
GC  TO  468 

FIND  STAGE  CORRESPONDING  TO  LOW  LEVEL  BENCH 
INTERPOLATION  FOR  DETERMINATION  OF  STAGE  GIVEN  A  DISCHARGE 
SECOND  ORCER  INTERPOLATION  FOR  THE  FIRST  THREE  POINTS,  THEN 
LINEAR  INTERPOLATION  FOR  LAST  TWO  POINTS.  ALL  LOG-LOG 
INTERPOLATION. 

239  TF(QA(J).LT.GR(1) )  GC  TO  565 
IFIOAI J) .LE.0RI3)  )  GO  TO  520 
GO  TO  521 

520  CL  I J I =ALOG ( GA( J  )  ) 

DO  524  M«  1 , 3 
OPL(Ml=ALGG(CP(M)  ) 

SPL<M)=ALOG(SR(M)  ) 

524  CONTINUE 

SLJ1=( OL (J)-QRL(2) )/( CRLI ll-CRL (2) )*(QL ( JI-QRL ( 3 ) ) / ( QRL (1) -ORL ( 3 )) 

1 *  SRL ( II 

SL J2= (OL ( J I -OR L(l) )/( CRLI2I-CRL (1) ) * ( OL ( J ) -ORL ( 3 ) ) / ( QRL ( 2 ) -QRL ( 3 ) ) 

1  * SRL I  21 

SL  J3=  (OL  (  J  )-ORL(  l  )  )  /  I  CRLI  3) -ORL  ( 1  M*(OL(  JI-CRLI  21  )  /  (  QRL  (  3  I -QRL  (  2  )  > 

1  *  SRL ( 3  I 

SL  (JI-SLJ1+SLJ2+SLJ3 
GO  TO  523 

521  DC  250  M=4 , 5 
IF(QAIJ) .LE.QR(M) )  GO  TO  251 

250  CONTINUE 

251  CL  (  J )  =  AL  OG  I  C  A  (  J  )  ) 

M  1  =  M— 1 


■ 
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0PLIM1»  =  ALCG(GR(M1)  1 
SPL(M1 )=ALCG  ISRIMI )) 

CPL (M)=ALCG( CR IN) 1 
SPL(M)=ALCG(SR(P) ) 

SL ( J)  =  SRL ( Ml )♦( SRL(N)— SRLIM1 ) » / ( ORL C M )-QRL ( N 1 1 >*<  QLIJ )-QRL(Ml) ) 

523  SI J)=FXP( SL( J)l 
SILB=SIJ)+0.C01 

CARRY  OUT  COMPUTATIONS  FOR  THE  FIRST  CROSS-SECTION 
DETERMINE  WATER  SURFACE  ELEVATION  FOR  SPECIFIED  DISCHARGE. 

468  J=1 

I P  R I T=0 

NOTE:  THE  STAGES  AND  DISCHARGES  CORRESPONDING  TO  THE  SURVEY  AND 
AND  RANKFULL  CASES  ARE  NOT  OBTAINED  BY  INTERPOLATION,  BUT  ARE  THE 
VALUES  READ  IN. 

56  I F I IQA(J). EG.  I  JVF  I  GO  TO  67 
IF (  IOA(J).FO.l)  GO  TO  68 
IF (QA(J).LT.CR(l)  )  GO  TO  567 
DC  50  M=  2 »  5 

IF(OA( J).LE.QR(M)  1  GO  TO  51 

50  CONTINUE 

51  Cl ( J1=ALOG(OA( Jl) 

M 1  =  M-  1 

0PL(M1)=ALCC(QR(M1) ) 

SPL ( Ml )= ALOG I  SR  I  Ml ) 1 
CPL(M)=ALCG(CR(M) ) 

S  P  L ( M ) = AL  OG ( SP( M)  ) 

SL  <  J)=SRLI  Ml  IMSRLI  M)-SRL(Ml)  )  / 1  QRL  (  M ) -ORL  (  Ml )  )*(QLl  J)-QRLIM1)  ) 
S(J)=EXP(SLI J)» 

GC  TO  57 

67  SIJ)=BANKSG 
GC  TO  57 

68  S  I  J  )  =  SUR VSG 

57  DELT  S=S( J  l-SURVSG 
IF (  IWALLT.EC.O)  GO  TO  236 

C  IF  STAGE  IS  GREATER  THAN  THE  LOW  LEVEL  BENCH  THE  WALLS  ARE  REMOVED 

C  IF  THF  VALUE  OF  I  WALL  T  .GT.  0. 

IF(S(J).GT.SLLB)  GC  TO  237 
GC  TO  236 
237  WL  1  =  0.0 
WL2=0. 0 
WP1=0.0 
W  P  2  =  0. 0 
GO  TO  248 
236  WL  1  =  WL  1  T 
WP  1  =  WR1T 
WL2=WL2T 
WP2=WR2T 

240  EWS=EWSS(K)+CELTS 

0.  EWS  IS  THE  ELEVATION  CF  THE  WATER  SURFACE 

W( J)=FWS 

C  DETERMINE  IF  WALLS  HAVE  TO  BE  PUT  IN  AUTOMATICALLY 

I  F  (  Y  (  D.LT.WI  J)  )  GO  TO  271 
GO  TO  273 

271  IF (WL1T.NE.O.O)  GO  TO  273 

C  ASSUMES  THAT  WRIT  WILL  ALWAYS  BE  GREATER  THAN  X  =  0.0 
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I  F  I  X  (  D.EO.O.OI  GO  TO  281 

ML1T-XI1) 

wLi*xm 

l PR  I T= 1 
I  PR  I TT=1 
GO  TO  273 

C  WL1T  SET  EO.  TO  0.01  SO  THAT  TESTS  WILL  NOT  HAVE  TO  BE  ALTERED 

281  WL  1T=0.01 
WL  1  =  0.01 
I  PR  I T= 1 
I  PR  I TT  =  1 

273  IF(YCNF) .  L  T  •  W  (  J  )  )  GC  TO  274 

GO  TO  275 

274  IF(WL2T.NE.0.0)  GO  TO  276 
IF(WRIT.NE.O.O)  GO  TO  275 
W  P  1  =  X ( NF  ) 

WP  1  T=X ( NF ) 

I  P  R I  T=  1 
I  PR  I T  T= l 
GO  TO  275 

276  IFIWR2T.NE.0.0)  GO  TO  275 
W  P  2  =  X ( NF ) 

WP2T=X( NF ) 

I  PR  I  T= 1 
I  PR  I TT= 1 

C  SET  TEST  FOR  OCCURANCE  OF  RIGHT  WALL 

275  I WRT=0 

C  COMPUTE  HYCRAULIC  GEOMETRY  FOR  CROSS-SECT ICN  FOR  Q 

N=  1 

IMVdl.GT  .EWS  )  GO  TO  14 
IFIY(l).EC.O.O)  GO  TO  568 
N  =  N  +  1 

IF(Y(2). EQ.O.O)  GO  TO  568 
GC  TO  22 

14  IF(YIN).EC.O.O)  GO  TO  400 
IF(Y(N).LT.EWS)  GO  TO  22 
IF(N.LT.NF)  GO  TO  13 
GO  TO  400 
13  N=N+1 
GC  TO  14 

22  IF(WL1. EQ.O.O)  GO  TO  23 

I F { X ( N- 1 J.GT.WL1)  GO  TO  23 
GC  TO  200 

C  LEFT  TRIANGLE  COMPUTATION  IF  NO  WALL  INTERSECTING  WATER  SURFACE 

23  I F ( Y< N) . EC.Y ( N- 1  >  )  GO  TO  28 

X  N I =  X ( N-  1 )  +  I  (X(N)-X(N-1))/IY(N)-Y(N— 1)  ) ) *( EWS-Yl N-l ) ) 

GC  TO  29 

2 8  XM-XINI 

29  IFIY(N).EG.O.O)  GO  TO  400 
IF( YIN) .GT.FWS)  GO  TO  38 
IF (WR1. EQ.O.O)  GO  TC  24 
IF(XCN) .GT.WR1  )  GO  TO  300 

24  DX=X(N)-YNI 
DY=EWS-Y(N) 

DM=0. 0 
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ON^OY 

CALL  XPROP (CX.DY, DM, ON, J,K, WS.WP, OMAX, A) 

N  =  N*  1 

C  CCMPUTATICN  OF  PROPERTIES  FCR  TRAPEZOIDAL  SECTIONS 

ICO  IFIY(N). EO.O.O)  GO  TO  400 
IF< Y(N).GE.EWS)  GO  TO  38 
I F ( WR l.EQ.O.O)  GO  TO  34 
IF(XIN).GT.WRl)  GO  TO  300 
34  DX=X ( N) -X ( N— 1 ) 

DY= Y ( N I— Y ( N— 1 ) 

DM=  EWS-Y ( N- 1 ) 

DN  =  E  WS-Y ( N ) 

CALL  XPROPIDX.DY.DM.DN, J , K , WS » WP , OMAX , A ) 

N  =  N*  1 
GC  TO  100 

CCMPUTATICN  OF  RIGHT  TRIANGLE  IF  NO  WALL  INTERSECTING  WATER 
SURFACE. 

38  IF(WR l.EQ.O.O)  GO  TO  39 
I  F  < Y(N> . EQ.Y(N-l) )  GO  TO  41 

XM=XIN-1)  +  I(X(N)-X(N-1))/IYIN)-Y(N-1)  )  )*(  EWS-Y  (N-l  )  ) 

GO  TO  43 
41  XM  =  X(  N-l ) 

43  IF(XNI.GT.WRl)  GO  TO  300 

39  I F ( Y< N) . EC. YIN-1  )  )  GO  TO  45 
XNI  =  X(N-1)M  (X(N)— X(N— 1)  )  /  <  Y  <  N  )  -Y  ( N— 1 1  )  )  *  (  EWS-YI  N-i  )  ) 

GO  TO  47 

45  XN I =  X ( N— 1 ) 

47  DX=XNI-X(N-1) 

DY=  EWS-Y ( N-  1  ) 

DM  =  DY 
DN=0. 0 

CALL  XPROP (DX,DY,DM,DN, J , K , WS , WP , OMAX  ,  A ) 

IF ( WR1 . EO.O.O)  GO  TO  14 
IFCIWRT.EC.il  GO  TO  4C0 
I  F ( X ( N ) .GE.WR1)  GO  TO  76 
N  =  N«-1 
GC  TO  14 

C  CCMPUTATICNS  IF  LEFT  WALL  INTERSECTS  WATER  SURFACE 

2C0  IFIWLI.GE.X(N) )  GO  TO  201 
GC  TO  202 

201  N  =  NM 
GC  TO  200 

202  IF(Y(N) .EQ.O.OI  GO  TO  400 
IF ( Y( N) .GT . EWS  )  GO  TO  14 
I F  C  WR 1 . EO.O.O)  GO  TO  216 
I F ( X( N) .GT  .WR1 )  GO  TO  300 

216  IF (XIN) . EC.XIN-l ) )  GO  TO  204 
GC  TO  205 
204  YN I = Y ( N-  1  ) 

GC  TO  206 

?  C  5  YN  I  -  Y  (  N—  1  )  ■*-  (  (Y(N)-Y(N-l  )  )/(  X(N)-XCN-l)  )  )*(WLl  —  X(  N-l  )  ) 

206  IF(YNl.GT.EWS)  GO  TO  23 
0X=  X ( N ) -  WL  1 
DY= Y ( N ) -YN I 
DM=EWS-YNI 


. 
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DN=EWS-Y(N) 

f.  NC  WETTED  PERIMETER  CCMPUTEO  FOR  WATER  AGAINST  WALL 

CALL  XPROP (DX,DY,DM,DN, J , K , W S , WP , DM AX » A) 

N  =  N*1 
GC  TO  100 

C  COMPUTATIONS  IF  RIGHT  WALL  INTERSECTS  WATER  SURFACE 

300  IF(YIN).EO.O.O)  GO  TO  AGO 
I F ( IWRT.EC. 1 )  GO  TO  ACO 
IF(XIN-l) .E0.WR1)  GC  TO  76 
IF (XIN) . FC.X(N-l) )  GO  TO  30A 
GO  TO  305 
3CA  YNI =Y I N ) 

GO  TO  306 

3C5  YM  =  Y(N-1)  ♦  (  (  YIN)-Y(N-l)  )/(  XINI— XIN— II  )  )  *  ( WR 1-X  (  N- 1 )  ) 

3C6  I F I YN I.GT.EWS)  GO  TO  39 
DX  =  WR1-XIN-1  ) 

0  Y=  YN I - Y I N- 1 ) 

OM=EWS-Y IN-1) 

DN=E  WS-YN I 

C  NC  WETTEO  PERIMETER  COMPUTED  FOR  WATER  AGAINST  WALL 

CALL  XPROP (DX,OY,DM,DN, J , K , W S , WP , DM AX , A) 

N  =  NM 

76  WL l=WL2 
WP 1=WR2 
I  V  RT- 1 

IF(WLl.EO.O.O)  GO  TO  AOO 
GC  TO  l A 

C  END  OF  COMPUTATIONS  FOR  FLOW 

ACO  IFIJ.EO.JF)  GO  TO  63 
J-J  +  l 
GO  TO  56 

ENO  OF  COMPUTATIONS  FOR  ALL  FLOWS 
PRINT  OUT  RESULTS  FCR  C R CS S-S ECT I CN 
63  WRITE! IP, 700) 

WRITE  I  IP, 701  ) 

WP  I  TE I  IP, BOO ) INUM1 ,  I  REACH  II ),IREACH(2),IREACH(3),IREACHI4), I  REACH I 
15 ) ,  IRE ACH  I  6  ) ,  I  REACH! 7  )  , I  REACH! 8) , I  REACH! 9) , IRE ACH! 10 > , I WSC I  1 ) , I WSC 
1(2) 

WRITE (IP, 801) IXS(K)  , IXSECIK) , IDSURI 1), IDSUR 12) 

WRITE! IP, 802  ) 

NFTE=NF/5 
NP=  1 
NE=N0*4 

DC  449  NK=1,NFTE 

WRITE! IP, 803)1 XIN) ,Y(N),N=NB,NE) 

NP=Nfl*5 
NE=NB+4 
449  CONTINUE 

NFTES=NFTE*5 

IF (NF.EO.NFTES  )  GO  TO  551 
WPITFI IP, 803)1 XIN) ,Y(N) ,N=NB,NF) 

551  WPI TF( IP,7C1  ) 

0  IF  NO  WALLS  USED  SET  LOCATION  TO  TO  -999. 

IF(WL1T. EQ. 0.0. AND. WRIT. EQ. 0.0)  GC  TO  719 
IF(WLIT.NE.O.O)  GO  TO  770 
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WL 1 T=-999. 


770 

IF ( WRIT. NE. 0.0) 
WRIT =—999 • 

GO 

TO 

771 

771 

IF(WL2T.NE.0.0) 

WL2T=-999. 

GO 

TO 

772 

772 

IFIWR2T.NE.0.0) 
W  P  2  T  =  -999 • 

GO 

TO 

773 

773 

IF ( IWALLT.EC.l  ) 

GO 

TO 

720 

WP I TE ( I  P.804 ) I  X  S  < K) , I XSEC(K ) .WL1T.WR1T, WL2T, WR2T 
8C4  FCRMAT ( • 0 • ,  9X , ’SECT ICN  PROPERTIES  FOR  X-SEC  • , A2 , A4 , 1 X , •  ;  WALLS  AT 
l'»4F7.0»*  FOR  ALL  FLOWS') 

GO  TO  721 

7  20  WRITE! IP»897 )IXS(K) , IXSEC(K) , WL IT , WR IT , WL2T , WR2T 

89  7  FORMAT! ' O' ,9X, » SECT  ION  PROPERTIES  FOR  X-SEC  ',A2,A4,'  JWALLS  AT  ', 
14F7.0,'  FCP  FLOWS  LE.  LL  BENCH') 

GC  TO  721 

719  WRITE! IP. 898  )  IXS! K  )  ,  I  XSEC1K ) 

898  FCRMAT (• O' ,9X, • SECT ICN  PROPERTIES  FOR  X-SEC  '.A2.A4) 

721  WP I TE ( IP. 8C5  ) 

C  COMPUTE  PROPERTIES  FOR  X-SECTION  USING  AREA  ANO  WIDTH 

DO  553  J  =  1 » JF 

IF(A( J,K).LE.0.0)  GO  TO  345 
IF(WS! J.K) .LE.O.O)  GO  TO  345 
D< J,KI=A( J  ,K)/WS( J.K) 

RH(J»K)=A(J,K)/WP(J*K) 

V!J,K)=QA<J)/Al  J.K) 

WSBWP=WS! J.KJ/WP! J.K) 

OPRH=D( J,K)/RH( J.K) 

DMAXD=DMAX( J,K)/D! J.K) 

F=WS( J.K)/D! J.K) 

GC  TO  347 

345  WPITE(IP,34fc> 

346  FORMAT!'  '.lOX.'A  OR  WS  =  0.0') 

GC  TO  553 

347  IF! lOA(J).EO.O)  GO  TC  477 
I  N'=  I OA  (  J  ) 

GC  TO  478 

477  I N  =  20 

478  WRITE (IP, 871) 0A(J),W!J),NAME1(IN), NAME 2(IN),A(J,K),WS!J.K).WP(J,K) 
l.O(J.K) ,RH!J,K) ,OMAX(J,K),V!J,K) , WS RWP , CBRH , DMA XO , F 

871  FORMAT! •  •,7X,F8.0,F8.2,2X,2A4,2X,F8.0,2F6.0,6F6.2,F7.2,F7.i) 

553  CONTINUF 

C  PRINT  MESSAGE  IF  WALLS  HAVE  BEEN  INSERTED  AUTOMATICALLY 

IF! IPRIT.EO.O)  GO  TO  450 
WPI TE ! I P  ,909  ) 

90^  FCRMAT !• 0 10X ,' NOTE :  AT  HIGH  FLOWS  WS.  EL.  WAS  GT .  FIRST  AND/OR  L 
IAST  DATA  POINTS  IN  X-SECT.  DATA') 

WPITEt IP, 910) 

910  FORMAT!'  '.16X, 'WALLS  HAVE  BEEN  AUTOMATICALLY  PLACED  AT  BEGINNING 
1AN0/0R  END  POINTS' ) 

450  K  =  K+ 1 

GC  TO  539 

C  SUMMARY  FOP  THE  REACH 

537  KN  SEC  =  K- 1 

CALL  AANDCV! A, J F , KN SEC , A A , C V A ) 
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CALL  AANDCV(WS,JF,KNSEC,AWS,CVWS» 

DC  560  J= 1 » JF 

1 F ( AA ( J). LE.O.O)  GC  TO  560 
I F ! A WS ( J ) .LE.O.O)  GC  TO  560 
DAIJ)=AA!J)/AWS(J) 

FFACT  (J  I  =  A  Vi  S  (  J)  /DA  (J  > 

VfM  J)=OA( J)/AA! J) 

VS TAR! J)=SQRT(32.2*DA{ J)*SLOPE) 

VPVST(J)=VM( J)/VSTAR(J) 

TAU! JJ=62.4*0A( J)*SLOPE 

AN( J )= l.49*DA( J )**O.667*SL0PE**0.50/VM! J) 

BEOF! J)=VM!J)**2/DA! J) 

SIDEF! J)=VM( J)**3/AWS! J) 

HIDEFJ J )=AWS ( J I/O A  I J)**0.50 
560  CONTINUE 

WRITE! IP, 700) 

WRITE! IP, 701  ) 

WRITE! IP, 807) I NUM1 , I  RE ACH ( 1 )  ,  IREACH(2) , I  REACH (3 ) , I  REACH! 4 ) , I  REACH! 
15 ) , I  RE  ACH ( 6 ) , IRE ACH! 7) , IREACH!8),IREACH(9),IREACH(10),IWSC!1),IWSC 
1 !  2) 

WPITE! IP, 8 20) INUMi, IOSUR! 1 ) , I0SUR12) .SURVSG 
WRITE! IP»R?3)RANKSG 

WRITE! IP, 808  ) INUMI, INRC, I  0 A Y , I  MON , I Y YRC , GAGE Z 
C  GAGE  ZERO  IS  NOT  USED  IN  ANY  OF  THE  COMPUTATIONS 

WRITE! IP, 809) 

WRI  TE!  IP, 8 10) SR! 1 ) ,0R!1) , SR ! 2 ) , OR ! 2 ) , S R ! 3 ) ,QR(3> , SR ! 4 ) , QR ( 4 ) , SR ! 5 ) 
1, OR! 5) , ICOOER 
WPITE! IP, 811 )KNSEC, SLOPE 
IF (KNSEC.LE. 10)  GO  TO  390 
WRITE! IP, 898) ! IXS(K), IXSEC(K)  ,  K  =  1 » 10 ) 

896  FORMAT!*  * , 1  OX , ' X- S EC T I  ON S  USED:  • , A2, A4 , 9 1 • , • , A2 , A4I) 
WPITE!IP,51S) ! IXS(K), IXSEC(K  )  , K= 1 1 , KNS  EC ) 

519  FORMAT!'  • , 2 7 X , A2 , A4 , 9 ( • , • , A2 , A4 ) ) 

GC  TO  392 

3  90  WRITEUP, 896)(IXS(K),IXSEC  IK), K  =  1,KNSEC> 

392  WRITE! IP, 819) 

DC  171  J= 1  ,  JF 

I F ( AA! J ) .LE.0.0  )  GO  TO  438 
IF (AWS(J) .LE.O.O)  GO  TO  438 
IF! I QA { J ) . EO . 0  )  GO  TO  487 
I  N'=  I  QA I  J  ) 

GC  TO  488 

487  I N= 20 

488  WRITE! IP, 371 )  0A!J),S(J),NAME1(IN),NAME2(IN),AA(J),CVA!J),AWS(J),C 
1VWS! J) ,DA! J) , FFACT! J),VM(J) 

371  FORMAT! •  *,8X,F8.0,F7.2,2X,2A4,2X,F8.0,F7.2,F7.0,2F7.2,F7.l,F7.2) 

GO  TO  171 
438  WRITE! IP, 346) 

171  CONTINUE 

WRITE! IP, 821  ) 

DC  87  J= 1 , JF 

I F ( A  A ( J ) .LE.O.O)  GO  TO  439 
IF !AWS(J) .LE.O.O)  GC  TO  439 
IF! I OA ( J ) . EO . 0 )  GO  TO  497 
I  N  =  I  0  A  (  J  ) 
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GC  TO  490 
4  9  7  IN  =  20 

4  9  8  WRITE ( IP,822)OA( J) ,NAME1 < IN) .NAME2I IN)  , VSTAR ! J ) , V8VST ! J ) , T AU ! J ) , AN 
1  I J) ,BEDF< J) ,SIDEF< J),WIDEF( J) 

GC  TO  87 

439  WRITE! IP, 346) 

87  CONTINUE 

WRITE! IP, 8 70  )( I  COM!  I  )  ,  1  =  1 , 1 8 ) , IC0M19 
e?0  FORMAT! • 0 • , 10X , 1 8A4 , A3) 

IF! IPRITT.EQ.O)  GO  TO  907 
W  P I TE ( I P ,909 ) 

WRITE! IP, 911  I 

911  FORMAT!'  »,16X, 'WALLS  HAVE  BEEN  AUTOMATICALLY  PLACED  FOR  THE  X-SEC 
1 T IONS  IN  GUEST  ION' ) 

9C7  WRITE! IP, 391  ) 

391  FORMAT!'  ',10X,'ALL  UMTS  ARE  FT. -LB. -SEC.  UNITS') 

GC  TO  571 

565  WRITEUP, 815)  J,K 

815  FORMAT ( ' 1' ,10X, 'ERROR  IN  REACH  OR  X-SECT  CODE:  J  =',I3,'  K  =',I3) 
GO  TO  475 

566  WRITE!  IP,555)K,N 

555  FORMAT! • 1 ',  10X, 'X  VALUES  ARE  NOT  IN  ORDER:  K  =*I3,'  ANO  N  =  • ,  13) 
GO  TO  475 

575  WRITE!  IP,  576  ) 

576  FORMAT! • 1 • ,10X , 'RATING  CURVE  DATA  ARE  NOT  IN  ASCENDING  ORDER') 

GO  TO  475 

567  WRITE! IP, 667) 

667  FORMAT! • 1* , 10X, 'DISCHARGE  LESS  THAN  LOWEST  POINT  ON  RATING  CURVE') 
GO  TO  475 

568  WRITEUP,  668)  J,K,N 

668  FORMAT (• 1 ',  10X ,' ELEVAT ION  OF  Y  =  0.0  J  =  ',I3,'  K=',I3,  '  N=',I3) 

GC  TO  475 

569  WRITE! IP. 669 ) 

669  FORMAT! • 1* , 10X, 'NO  STAGE  GE .  LIMITING  STAGE  ( BANKSG ) • ) 

475  READ!  IR, 427  )  ITEST 

427  FORMAT !76X,A4) 

IF! ITEST. EO. ISEND)  GO  TO  454 
IF ( ITEST. EG. IREND)  GO  TO  571 
GC  TO  475 

6CC  FORMAT! 15, 1 CA4 , 2 A4 , 2 A4 , 2X , F 5. 2 , F 8 . 6 , A4) 

6C1  FORMAT ( I  5, 10A4,4X,F8.2,F6.2  ,  A4, A2.A3, 14, A4) 

6 C 2  FORMAT! I 5,5(F6.2,F7.0) , A2, 14, A4) 

603  FORMAT!  15, 7(F7.0,  12), 8X.A4) 

6C4  FORMAT ( I 5,40X,F8.2,4F5.0, II ,A2,A4) 

6 C 5  FORMAT { I  5,5! F6.0.F7.1  )  ,6X,A4) 

7 C 0  FORMAT ! •  1  •  ) 

7  C 1  FORMAT!//) 

8C0  FORMAT!'  • , 9 X , • H • , I  5 , 2 X , L 0A4 , 2 X , • WA T ER  SURVEY  CODE:  ',2A4) 

8 C 1  FCRMAT!'0' ,9X, 'CROSS-SECTION  DATA  FOR  X-SECTION  • , A2 , A4 , 5 X , • OA TE  0 
IF  SURVEY: ', IX, 2A4) 

802  FORMAT!'  ',9X,4X,'X',7X,'Y»  ,1CX,'X',7X,'Y',10X,'X',7X,'Y',10X,'X', 
17X, • Y • , 1  OX , 1 X' ,7X,'Y' ) 

RC3  FORMAT!'  ',PX,5(F9.1,F8. 1,2X1) 

805  FORMAT! 'O' ,9X, 'FLOW  WS.EL.  CODE  AREA  WS  WP  DM 

1  RH  C M A X  VM  WS/WP  DM/RH  DMAX/OM  WS/DM'/) 


' 
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807  FORMAT (• 0* ,9X,' 15. 2X, 10A4.2X, 'WATER  SURVEY  CODE:  ',2A4I 
8  C  8  FORMAT! 'O'  ,9X,'#' ,  15, 2X, 'RATING  CUPVE:  • , A4 , 2X , A  2 , A  3 , I  4 , • ;  ','GAUG 
IE  ZERO  =• ,F8.2, •  FT.'  I 

8C9  FORMAT! 'O' ,9X,'  STAGE  0  STAGE  0  STAGE  0  S 

1 T  AGE  0  STAGE  O') 

810  FORMAT!'  • , 9X , 5 ! F7 . 2 , F8 . 0 , 1 X » , A2 ) 

811  FORMAT (• O' ,9X, • SUMMARY  FOR  REACH:  NUMBER  OF  X-SEC  = • ,  1 5 , 5 X ,  •  SLOPE 
IFOR  REACH  =  •  »  F9 • 6  » '  FT/FT.') 

819  FORMAT! 'O' ,12X, 'FLCW  STAGE  CODE  AREA  CVA  WS  CV 

1WS  DM  WS/DM  VM'/) 

820  FORMAT! • O' ,9X, • #• , I  5, 2X, 'DATE  OF  SURVEY  ', 2A4 , 2X STAGE  FOR  SURVEY 

1  ='  ,  F8. 2  »  '  FT.'  ) 

821  FCPMAT!  'O'  ,  12X,'FLCW  CODE  V*  V/V*  TAU  N  V**2/ 

ID  V**3/WS  WS/0+*. 5 ' / ) 

822  FORMAT!'  •  ,  8X  ,  F8 . 0 , 2X  ,  2 A4 , 2X  ,  2F7 . 2 , 2F7. 3 , 2F7 .2 , F 8 . 2 1 

823  FORMAT!'  *,24X,*  LIMITING  STAGE  FOR  ANALYSIS  =',F8.2,*  FT.') 

454  WRITEUP, 700) 

455  STOP 
END 
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f. 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 


SUBROUT  I NE  A ANOC V ( X , J T , K T , A  X , C VX > 

AANDCV  =  SUBROUTINE  TO  COMPUTE  AVERAGE  AND  COEFFICIENT  OF 
VAP IAT ION. 

X  =  INPUT  MATRIX  OF  SIZE  JT,  KT. 

JT  =  TOTAL  NUMBER  OF  DISCHARGES. 

KT  *  TOTAL  NUMBER  OF  C R C S S -S E C T I 0NS9 

AX  =  OUTPUT  VECTOR  OF  LENGTH  JT.  EACH  ELEMENT,  J,  IN  AX  CON¬ 

TAINS  THE  AVERAGE  OF  THE  VARIABLE  X  FOR  THE  KT  CROSS- 
SFCTIONS  FOR  THE  DISCHARGE  J. 

CVX  =  OUTPUT  VECTOR  OF  LENGTH  JT.  EACH  ELEMENT,  J,  IN  AX  CON¬ 

TAINS  THE  COEFFICIENT  OF  VARIATION  OF  THE  VARIABLE  X  FOR 
THE  DISCHARGE  J. 

DIMENSION  X(14,15),AX( 1 A  I , C VX ( 1 4 ) , SUMX ( 141 .SUMXXI  141 

IF(KT.EO.l)  GO  TO  2 

CO  1  J= 1 »  J  T 

SUMX ( J ) =0. 0 

SLMXXI J) =0.0 

1  CONTINUE 

00  3  J= 1 » JT 

00  4  K=1 , KT 

SUMXI  J)  =  SUMXC  JHXIJ.KI 

SIMXX(J)=SUMXX(J)*XIJ»K)**2 

4  CONTINUE 
3  CONTINUE 

TK  =  KT 

CO  5  J= 1 , JT 
AX( J)=SUMX( JI/TK 

SCX=SORT< ABS< ( SUMXXI J) -SUMXI J>*SUMXI J) /TKI/ITK-l. » ) » 
CVX(J)=SDX/AX(J) 

5  CONTINUE 

DO  8  J= 1 »  JT 
DO  7  K= 1 , KT 

I  F ( X  I J , K ) .LE.O.O)  GO  TO  9 

7  CONTINUE 
GO  TO  8 

9  A  X ( J ) =0 • 0 
CVXI J)=0.0 

8  CONTINUE 
GO  TO  10 

2  AXIJ»=XIJ,KI 
CVXI  J)=0.0 

IF(AXIJ).GT.O.O)  GO  TO  10 
AXI J)=0.0 
10  RETURN 
END 
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C 

C 

C 

C 

C 

C 

c 

c 

c 

c 

c 


1 

2 

3 

4 

5 


SL  RROUTI NE  XPROP! OX.DY, DM.ON, J,K ,WS.WPT  DMAX, A) 

XPROP  =  SUBROUTINE  TO  COMPUTE  CPOSS- SECTIONAL  PROPERTIES 
=  INCREMENT  IN  X  DIRECTION  FOR  ELEMENT  CONSIDERED 
=  INCREMENT  IN  Y  DIRECTION  FOR  ELEMENT  CONSIDERED 
=  DEPTH  FROM  WATER  SURFACE  TO  BED  ON  LEFT  SIDE  CF 
=  DEPTH  FROM  WATER  SURFACE  TO  BED  ON  RIGHT  SIDE  OF 
=  INOEX  FOR  DISCHARGE  UNDER  CONSIDERATION. 

=  INDEX  FOR  CROSS-SECTION  UNDER  CONSIDERATION. 

=  WATER  SURFACE  WIDTH  IN  FEET. 

=  WETTED  PERIMETER  IN  FEET 


DX 

DY 

CM 

ON 

J 

K 

WS 

WP 

C  M  AX 
A 


=  MAXIMUM  DEPTH  IN  FEET. 

■  CROSS-SECTICNAL  AREA  IN  FT**2. 

DIMENSION  WS( 14*  15) »WP( 14* 15) » DM AX ( 14» 15) »A( 14 » 1 5  ) 
IF(DX.LE.O.O)  GO  TO  5 
WS( J.K)=DX+WS( J.K) 

WP  (  J  ,K  )  =  SORT(  DX*OX  +  DY*OYM-WP(  J,K| 

IF(DM.GT.CN)  GO  TO  1 
DMAXT^ON 
GO  TO  2 
DM  AXT=DM 

IFIDMAXT.GT.DMAXI J,K))  GO  TO  3 
GO  TO  4 

DM AX ( J  »  K ) =DMAXT 
A(J,K)=0.5*DX*(0M+0N)*A!J,K) 


ELEMENT. 

ELEMENT. 


RETURN 

ENO 
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APPENDIX  C 


COMPARISON  OF  SURVEYED  AND  TOPOGRAPHIC  SLOPES 
C. I  Purpose 

During  the  preparation  of  the  data  for  this  study,  the  following 
two  questions  were  posed  with  regard  to  the  measurement  of  the 
average  slope  of  the  water  surface  for  a  river  reach: 

1.  How  good  an  estimate  is  the  topographic  slope  of  the  average 
field  slope  for  the  reach? 

2.  How  good  an  estimate  is  the  reach  length  as  determined  from 
an  aerial  photograph  compared  to  the  field  measurement  of  the 
reach  length? 

These  two  questions  were  of  importance,  since  in  some  cases  there 
were  no  field  measurements  of  slope  and/or  of  reach  length. 

C. 2  Relation  between  Topographic  Slope  and  Average  Field  Slope 

A  topographic  slope  was  obtained  for  all  reaches  which  were  not 
located  on  a  local  atypical  feature,  such  as  an  old  lake  bottom  or  a 
small  alluvial  fan.  When  determining  the  topographic  slope,  the  two 
contour  intervals  nearest  the  reach  were  used.  In  most  cases  the 
topographic  slope  was  determined  from  a  1:50,000  map,  and  in  a  few 
cases  a  1:250,000  map  was  used. 

Average  field  slopes  were  obtained  by  drawing  a  line  by  eye 
through  the  surveyed  water  surface  profile  such  that  the  area  above 
and  below  the  line  were  approximately  equal.  In  some  cases  the  water 
surface  profile  was  adjusted  to  account  for  beaver  dams  or  local 
atypical  rapids. 


The  basic  data  for  all  reaches  with  topographic  slopes  and 


. 
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corresponding  average  field  slopes  are  given  in  APPENDIX  I.  Only 
slopes  less  than  0.01  ft. /ft.  are  presented,  since  the  few  higher 
slopes  were  associated  with  local  atypical  features  such  as  small 
alluvial  fans  which  could  not  be  easily  determined  from  topographic 
maps . 


A  plot  of  the  field  slope  versus  the  topographic  slope  is 
presented  in  FIGURE  C.l  for  the  88  data  points.  No  regression  line 
is  shown;  however,  the  line  for  perfect  agreement  and  the  lines  with 
a  slope  of  2.0  and  of  0.50  are  shown  to  give  a  visual  impression  of 
the  magnitude  of  the  deviations  which  might  be  expected  when  using  the 
topographic  slope  when  no  field  slope  is  available. 

An  analysis  of  the  distribution  of  the  percent  differences 
between  the  topographic  slopes  and  field  slopes  (based  on  the  field 
slope)  was  carried  out  using  three  criteria: 

1.  All  field  slopes  less  than  0.010000  ft. /ft. 

2.  All  field  slopes  less  than  0.002000  ft. /ft. 

3.  All  field  slopes  between  0.002001  and  0.010000  ft. /ft. 

The  histograms  of  the  distribution  of  the  deviations  are  presented  in 
FIGURE  C.2.  In  all  of  the  three  categories  over  half  of  the  deviations 
were  in  the  range  of  i  20  percent.  From  these  results,  the  extreme 
deviations  are  primarily  associated  with  the  low  slopes.  For  those 
cases  where  the  percent  difference  was  greater  than  100  percent  or 
less  than  -50  percent,  slopes  were  smaller  than  0.000550  ft. /ft. 

From  this  simple  analysis  it  is  evident  that  topographic  maps  are 
probably  less  reliable  for  cases  involving  low  slopes.  One  of  the 
reasons  for  this  is  the  great  distance  between  contour  lines  on  the 


I  ff mt  lislis  jlfeffj  2  9$  l  &{ 

■ 


Field  Slope  '/,  (  XIO  ) 


C3 


FIGURE  C.l  FIELD  SLOPE  VERSUS  TOPOGRAPHIC  SLOPE 
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Slopes:  O-O.OIOOOO  '/, 
Number  of  Coses:  88 


Slopes:  0-0.002000  '/, 
Number  of  Coses:  57 


Slopes:  0.002001-0.010000  '/, 
Number  of  Cases:  31 


%  Difference  Between  Topographical  Slope  and  Field  Slope 
(Based  on  Field  Slope  ) 


FIGURE  C. 2  DISTRIBUTION  OF  PERCENT  DIFFERENCE  BETWEEN  TOPOGRAPHIC 
SLOPE  AND  FIELD  SLOPE  FOR  THREE  CLASSES  OF  SLOPES 
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map.  It  is  suggested  that  field  slopes  be  taken  in  a  closed-loop 
or  by  two  independent  sets  of  level  lines,  especially  for  those 
cases  involving  low  slopes. 

C. 3  Comparison  of  Photo  and  Stadia  Distances 

Seventy-five  reaches  which  had  a  stadia  distance  less  than 
36,000  feet  were  used  to  obtain  a  comparison  between  the  reach  length 
as  determined  by  field  measurements  and  as  determined  from  aerial 
photographs.  The  length  of  the  reach,  that  is,  the  distance  between 
the  first  and  last  cross-section  used  in  the  slope  analysis,  were 
marked  on  the  aerial  photographs  before  or  during  the  time  of  the 
field  survey.  All  aerial  photographs  with  the  reach  length  marked 
on  them  were  calibrated  by  using  a  1:50,000  map.  In  most  cases  the 
photographs  were  of  an  approximate  scale  of  1"  =  2640'.  All  data 
used  in  the  analysis  are  presented  in  APPENDIX  I. 

When  the  field  slopes  were  computed  the  stadia  distance  was 
used  as  the  horizontal  distance,  since  it  was  not  known  how  precisely 
the  first  and  last  cross-sections  in  the  field  corresponded  with  the 
indicated  locations  on  the  aerial  photographs.  The  purpose  of  this 
section  is  to  investigate  the  maximum  deviations  which  might  be 
expected  if  the  photo  distance  of  the  reach  were  used  to  compute  the 
field  slope. 

FIGURE  C.3  presents  the  results  of  a  simple  regression  analysis 
between  stadia  distances  in  feet  and  photo  distance  in  feet  where 
the  photo  distance  was  considered  to  be  the  independent  variable.  The 
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FIGURE  C. 3  STADIA  DISTANCE  VERSUS  DISTANCE  FROM  AERIAL  PHOTOGRAPHS 
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resulting  regression  equation  was: 

STADIA  DIST.  (ft.)  =  179  +  1.006  PHOTO  DIST.  (ft.) 

r2  =  0.99 
S.E.  =  606  ft. 

An  analysis  of  the  distribution  of  the  percent  deviations  between 
photo  distance  and  stadia  distance  based  on  stadia  distances  was 
carried  out  using  three  criteria: 

1.  All  stadia  distances  less  than  36,000  ft. 

2.  All  stadia  distances  less  than  7,500  ft. 

3.  All  stadia  distances  between  7,500  and  36,000  ft. 

The  histograms  of  the  distribution  of  the  deviations  are  presented 
in  FIGURE  C.4.  These  histograms  indicate  that  the  greater  deviations 
are  associated  with  the  shorter  reaches.  In  all  cases  over  one  half 
of  the  deviations  were  less  than  t  5  percent. 

In  the  majority  of  cases,  the  stadia  distances  were  greater  than 
the  photo  distances.  This  is  reasonable  since  it  is  often  necessary 
to  shoot  diagonally  across  some  channels,  or  at  least  to  use  a  line  of 
sight  which  is  not  exactly  along  the  thalweg  of  the  channel.  Such  a 
situation  occurs  quite  often  in  the  smaller  meandering  channels 
which  are  heavily  vegetated  on  the  banks.  This  observation  is  also  in 
agreement  with  the  results  of  the  analysis,  in  that  the  maximum  number 
of  negative  deviations  occur  for  the  shorter  (smaller)  reaches. 
Therefore,  the  slope  for  short  reaches  may  be  slightly  underestimated 
by  using  the  field  stadia  distance. 
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Distances:  0-36,000  Ft. 
Number  of  Cases.  75 


Distances:  0-7,500  Ft. 
Number  of  Cases:  33 


</> 

</> 

O 

o 
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Distances:  7,501-36,000  Ft. 
Number  of  Cases:  42 


%  Difference  Between  Photo  Distance  and  Stadia  Distance 
(  Based  on  Stadia  Distance  ) 


FIGURE  C.4  COMPARISON  OF  PHOTO  AND  STADIA  DISTANCES  FOR  THE 
DETERMINATION  OF  A  REACH  LENGTH  FOR  THREE  CLASSES 
OF  REACH  LENGTHS 
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The  cause  for  the  random  deviations  is  primarily  due  to  the 
calibration  of  the  photographs  and  the  problem  of  precisely  locating 
the  cross-section  in  the  field  at  the  location  indicated  on  the 
aerial  photograph. 

These  results  also  indicate  that  the  stadia  distance  may  not 
be  required  for  reaches  in  excess  of  two  miles,  if  a  deviation  of  less 
than  10  percent  is  acceptable. 

C.4  Summary 

This  appendix  has  firstly  evaluated  the  order  of  magnitude  of 
deviations  which  might  be  expected  if  topographic  slopes  are  used 
instead  of  field  slopes.  In  this  case,  the  maximum  deviations  occur 
for  the  smaller  slopes  and  might  be  expected  to  be  within  the  range 
of  +100  percent  and  -50  percent  (based  on  field  slope).  Secondly, 
the  order  of  magnitude  of  the  deviation  which  might  be  expected  if 
calibrated  aerial  photograph  distances  are  used  instead  of  field 
measured  stadia  distances  is  in  the  range  of  -  15  percent.  The  larger 
deviations  were  found  to  be  associated  with  shorter  reaches.  Field 
slopes  of  short  reaches  based  on  stadia  distance  may  be  slightly 
underestimated  in  some  cases. 
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APPENDIX  D 


BED  MATERIAL  SAMPLING  AND  ANALYSIS 

This  appendix  outlines  the  procedure  used  to  obtain  bed  material 
samples  in  the  field,  and  indicates  the  type  of  analysis  that  was 
used  in  this  investigation.  A  detailed  example  illustrating  the 
documentation  of  a  sampling  site,  and  the  computation  and  presentation 
of  results  for  three  sampling  procedures  is  also  given. 

D. 1  Location  of  the  Sampling  Site 

D.1.1  Location  of  Sampling  Sites  for  Gravel  Rivers 

The  following  order  of  priority  was  established  for  selecting 
sample  sites  for  gravel  rivers: 

1.  Near  the  upstream  end  of  a  mid-channel  bar  or  island. 

2.  Near  the  upstream  end  of  a  point  bar. 

3.  Near  the  upstream  end  of  a  side  bar. 

4.  At  the  head  of  a  riffle. 

If  a  sample  was  not  exposed  or  could  not  be  readily  obtained  at 
the  location  of  the  highest  priority,  a  sample  site  was  selected  at 
the  location  correspondi ng  to  the  next  highest  priority. 

One  of  the  reasons  for  selecting  the  above  four  locations  was 
that  they  contain  material  associated  with  the  channel -formi ng  process. 
It  might  be  argued  that  the  sample  taken  at  the  head  of  a  riffle  does 
not  belong  to  this  general  class,  since  the  riffle  is  a  major  factor 
controlling  the  slope.  This  may  be  true  at  low  flows  when  the  sample 
is  usually  taken,  but  at  high  flows  the  material  is  often  transported 
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over  the  riffle  and  becomes  involved  in  the  channel -formi ng  process. 

Another  reason  for  establishing  this  order  of  priority  was  an 
attempt  to  sample  from  geomorphi cal ly  similar  locations.  For 
example,  rivers  with  pronounced  point  bars  would  be  sampled  at  point 
bars,  and  channels  with  a  distinct  pool-and-riffle  sequence  would  be 
sampled  at  the  head  of  riffles. 

The  average  to  coarser  material  for  the  reach  is  found  at  these 
four  locations.  Therefore,  the  obviously  finer  material,  usually 
associated  with  deposition  during  the  recession  of  a  flood,  was  not 
sampled. 

The  listed  sampling  locations  were  chosen  because  they  were 
normally  accessible  during  a  field  visit.  It  is  almost  impossible  to 
sample  gravel  from  a  river  bed  if  there  is  more  than  two  feet  of 
water  over  the  surface  to  be  sampled. 

D.1.2  Location  of  Sampling  Sites  for  Sand-Bed  Rivers 

In  the  same  manner  a  priority  for  selecting  sampling  sites  was 
established  for  sand-bed  channels.  The  following  order  was  used: 

1.  Near  the  center  of  the  channel  at  a  cross-over. 

2.  Near  the  upstream  end  of  a  point  bar. 

A  sample  at  the  cross-over  gives  a  good  indication  of  the  material 
that  is  being  transported  at  relatively  low  flows.  Emphasis  was 
placed  on  sampling  near  the  center  of  the  channel,  since  bank  material 
is  sometimes  incorporated  with  the  bed  material  near  the  edge  of  the 
channel.  The  material  near  the  upstream  end  of  the  point  bar  often 
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is  somewhat  coarser  than  that  near  the  center  of  the  channel,  but  it 
is  relatively  free  of  any  local  bank  material. 

D.  2  Number  and  Type  of  Samples  in  the  Reach 

The  number  and  type  of  samples  for  a  given  reach  could  not  be 
rigidly  defined  in  all  cases.  Criteria  were  established  for  this 
study,  in  order  to  provide  reasonable  guidelines  for  field  work 
considering  the  time  available  and  the  necessity  of  obtaining  an 
adequate  evaluation  of  the  bed  material  in  the  reach. 

The  reach  referred  to  in  this  appendix  varied  in  length  from 
10  to  50  channel  widths.  In  most  cases  a  hydrometric  station  was 
located  near  the  center  of  the  reach. 

In  many  cases  the  best  sampling  sites  could  be  located  on  the 
aerial  photographs  of  the  reach.  Limited  access  or  a  limited  number 
of  acceptable  sampling  sites  would  often  result  in  a  compromise  of 
the  number  and  type  of  samples  taken. 

D.2.1  For  Gravel  Rivers  with  Exposed  Bars 

At  least  three  acceptable  sample  sites  were  sought  in  the  reach. 
If  possible,  these  sites  were  located  near  the  upper  end,  near  the 
center,  and  near  the  downstream  end  of  the  reach.  The  following 
samples  were  taken  depending  upon  the  time  available: 

1.  If  the  time  was  limited,  one  line  grid  sample  was  taken  at 
each  of  the  three  or  more  sample  sites  in  the  reach.  Two  grid 
photographs  were  taken  along  each  line  grid. 

2.  If  more  time  was  avai 1 abl e a vol umetri c  sample  was  taken  at  one 
or  two  sample  sites  in  order  to  provide  data  for  the  comparison 
of  sampling  methods.  A  second  line  grid  sample  was  also  taken 
at  this  site. 
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A  detailed  explanation  of  the  complete  sampling  process  for 
case  2  above  is  given  in  Section  D.3. 

D.2.2  For  Gravel  Rivers  Without  Exposed  Bars 

Gravel  rivers  without  exposed  bars  usually  implies  a  pool-and- 
riffle  sequence  with  wel 1 -vegetated  banks  consisting  of  sand  and  silt. 
In  such  a  case,  three  or  more  samples  were  obtained  at  the  head  of 
riffles  by  a  stepping  grid  method.  In  a  small  stream  it  may  be 
necessary  to  traverse  the  head  of  a  riffle  several  times  in  order  to 
obtain  the  required  sample  size.  In  a  larger  river  it  may  not  be 
possible  to  wade  across  the  head  of  a  riffle,  in  such  a  case  the 
sample  was  taken  over  a  portion  of  the  riffle. 

When  obtaining  a  stepping  grid  sample,  the  particle  selected 
was  the  one  immediately  under  the  big  toe  of  the  foot  used  to  make 
the  last  step.  The  stone  was  located  by  moving  the  index  finger 
vertically  over  the  end  of  the  boot  at  the  big  toe.  Wolman  (1954) 
discusses  this  technique  in  more  detail.  One  stepping  grid  sample 
consisted  of  50  stones. 

D.2.3  For  Sand-Bed  Rivers 

At  least  two  bed  material  samples  were  taken  at  sites  near  the 
third  points  of  the  reach.  If  possible,  the  samples  were  taken  near 
the  center  of  the  channel  at  a  cross-over  by  using  a  Straub  sampler. 
About  two  pounds  of  sand  was  obtained  at  each  sampling  site. 


In  addition  to  the  bed  material  samples,  one  or  more  bank  material 
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samples  were  obtained  for  those  cases  where  the  bank  was  being  built 
from  the  fines  transported  through  the  channel. 


D. 3  General  Sampling  Procedure  in  the  Field 

The  detailed  sampling  procedure  is  given  for  the  case  of  a 
gravel  river  with  an  exposed  bar.  The  procedure  along  with  the 
accompanying  explanation  is  presented  as  follows: 

1.  A  line  grid  sample  was  taken  by  stretching  a  survey  tape  out 
parallel  to  the  direction  of  flow  about  five  feet  from  the 
edge  of  the  water  on  the  exposed  bar.  Usually  a  1  foot 
spacing  was  used  to  obtain  the  b-axes  of  50  stones  falling 
directly  under  the  grid  points.  If  two  grid  points  fall  on 
the  same  rock,  the  size  was  recorded  twice.  In  most  cases, 
however,  the  grid  spacing  was  such  that  a  rock  would  only 

be  intersected  by  one  grid  point. 

If  a  sample  point  fell  on  sand  that  was  more  than  a  few 
millimeters  deep  or  on  a  particle  whose  b-axis  was  less  than 
8  mm.,  the  b-axis  of  the  stone  immediately  under  the  sand  or 
small  particle  was  used.  A  note  was  made  to  indicate  that 
such  a  procedure  was  followed  (This  situation  occurred 
i nfrequently. ) 

A  record  was  made  to  indicate  if  a  rock  was  angular  or  flat. 

A  note  was  also  made  of  any  anomalous  features  observed 
during  the  sampling. 

If  a  bar  was  relatively  small,  more  than  one  line  was  used 
in  order  to  obtain  the  sample  of  50. 

Figure  D.la  illustrates  a  line  grid  on  a  bar,  and  Figure  D.lb 
shows  a  measurement  of  the  b-axis  of  a  stone  by  means  of  a  pair 
of  calipers. 

2.  A  photograph  of  the  general  area  was  taken  to  show  the  locality 
of  the  line  grid  sample.  A  sketch  of  the  location  of  the  site 
in  the  reach  as  well  as  a  sketch  of  the  cross-section  at  the 
sample  site  were  made.  A  detailed  sample  description  form  was 
also  filled  out  in  the  field. 

3.  Two  grid  photographs  were  taken  along  the  line  grid  established 
in  1.  The  size  of  the  grid  spacing,  the  sample  number,  and  the 
flow  direction  were  indicated  on  each  photograph.  (A  fifty 
millimeter  square  grid  with  100  intersections  was  used  in  this 
study. ) 
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a)  Line  grid  on  bar.  Tape  establishes  the  grid. 


b)  Measurement  of  the  b-axis  of  a  rock. 


FIGURE  D.l 


ILLUSTRATIONS  OF  A  LINE  GRID  ON  A  BAR 
AND  OF  THE  MEASUREMENT  OF  A  b-AXIS 
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The  grid  was  placed  to  give  a  fair  representation  of  the 
material  along  the  line  established  in  1.  The  grid  was  placed 
with  the  bottom  nearest  to  the  water  and  parallel  to  the 
direction  of  flow.  FIGURE  D.2  illustrates  the  square  grid  in 
place  on  a  gravel  surface. 

If  a  sieve  analysis  was  to  be  carried  out  at  the  site,  the 
boundary  of  the  square  grid  was  marked  off  at  one  of  the 
locations  along  the  line  grid. 

4.  A  volumetric  sample  of  the  surface  and  subsurface  material  was 
obtained  from  the  location  established  in  3. 


The  minimum  size  of  the  sample  was  dictated  by  the  largest 
stone  size  in  the  material  making  up  the  sample.  Approximate 
limits  are  given  as  follows: 


Largest  b-axis. 

Approx,  size  of 

Approx,  weight, 

mm. 

sample  hole, 
in. 

lb. 

8 

6  x  6  x  3 

6 

16 

8x8x4 

16 

32 

10  x  10  x  5 

43 

64 

16  x  16  x  8 

120 

128 

20  x  20  x  10 

330 

256 

40  x  40  x  20 

1860 

The  criteria  for  establishing  the  limits  in  the  above  table 

were : 

1.  The  minimum  weight  for  a  sample  of  8  mm.  material  should  be 
5  pounds. 

2.  The  depth  of  the  square  sample  hole  should  be  at  least  twice 
the  b-axis  of  the  largest  stone,  and  the  width  should  be  at 
least  twice  the  depth  of  the  hole. 

3.  The  weight  of  the  largest  particle  should  not  be  more  than 
about  three  percent  of  the  total  sample. 


FIGURE  D.3  shows  the  plotted  data  corresponding  to  these  three 
criteria  along  with  the  enveloping  line  up  to  the  150  mm.  size.  The 
criteria  established  by  the  American  Society  for  Testing  and  Materials 
(1967)  for  obtaining  gravel  samples  for  concrete  aggregate  (Test  C 1 36- 
67)  is  also  shown  on  the  plot.  It  is  not  practical  to  sieve  gravel 
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NOTE: 


-  Sample  number  is  113-70-P4 

-  Direction  of  flow  to  right 

-  Bottom  of  grid  closest  to 

water  edge 


FIGURE  D. 2 


GRID  IN  PLACE  ON  GRAVEL  SURFACE 
FOR  OBTAINING  A  GRID  PHOTOGRAPH 
SAMPLE 


Weight  of  Volumetric  Sample  in  Pounds 
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8  16  32  64  128  256 

Largest  b-Axis  in  Sample,  mm 


LEGEND: 


- Suggested  sample  weights  to  be  used 

for  b-axes  up  to  150  mm. 

-  Sample  weights  for  stated  volumes 

in  section  0.3.  , 

(uni  t  wt.  *  100  lb. /ft.  J) 

■ .  Sample  weights  such  that  largest 

roch  is  <  3J  of  total  sample 
weight 

® - -®  a.S.T.M.  criteria  as  given  in  test 

C136-67  for  gravel  samples  for 
concrete  aggregates 


FIGURE  D. 3  GRAPH  FOR  ESTIMATION  OF  VOLUMETRIC  SAMPLE  SIZE 
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in  the  field  if  the  largest  b-axis  is  in  excess  of  150  mm.,  since 
this  requires  a  sample  of  over  400  pounds  according  to  the  above 
cri teria. 


D. 4  Field  Sieving  Procedure  for  Gravels 

The  detailed  procedure  used  in  the  field  for  sieving  gravels 
was  as  follows: 

1.  One  or  more  tarps  or  reinforced  plastic  sheets  were  placed 
on  the  gravel  surface  near  the  sample  area.  (All  tarps  were 
pre-wei ghed. ) 

2.  The  predetermi ned  volume  as  given  in  Section  D.3,  was 
shovelled  onto  the  tarps  and  allowed  to  air  dry  for  ten  or 
fifteen  minutes.  (A  second  line  grid  sample  was  usually  taken 
parallel  to  and  a  couple  of  feet  from  the  first  line  grid 
while  the  material  was  air  drying.) 

3.  The  tarp  and  the  sample  of  material  were  weighed  on  a  set  of 
precal ibrated  spring  scales  to  the  nearest  pound,  or  to  at 
least  two  significant  figures,  whichever  was  more  precise. 

(Three  sets  of  scales  with  varying  capacities  were  available 
i n  the  fi eld. ) 

4.  As  soon  as  the  material  was  weighed,  some  of  it  was  passed 
through  the  8  mm.  sieve  onto  another  tarp.  This  material  was 
representati ve  of  all  fine  material  in  the  sample.  About  5 
pounds  of  the  "pass  8  mm."  material  was  placed  in  a  marked 
plastic  sample  bag  and  tied.  The  sample  bag  and  sample  were 
weighed  on  a  set  of  spring  scales  which  would  yield  three 
significant  figures. 

This  sample  was  later  used  in  the  laboratory  for  the  analysis 
of  the  "pass  8  mm."  material.  It  also  provided  a  means  of 
computing  the  amount  of  water  in  the  sample,  since  all  the 
water  was  assumed  to  be  associated  with  the  material  passing 
the  8  mm.  sieve. 

5.  After  the  sample  of  the  "pass  8  mm."  material  was  obtained,  all 
of  the  material  on  the  tarps  was  passed  through  the  128,  64, 

32,  16,  and  8  mm.  sieves. 

The  sieving  was  best  accomplished  by  placing  the  nest  of 
sieves  next  to  the  stream  and  pouring  water  through  the  sieves 
while  shaking.  For  large  samples  the  sieving  was  done  in  stages. 
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After  the  sieving  was  complete,  the  material  on  each  sieve 
was  allowed  to  air  dry. 

6.  While  the  material  was  drying,  the  b-axis  of  the  largest  stone 
was  measured.  The  number  of  stones  on  the  top  one  or  two 
sieves  was  also  recorded.  The  average  lithology  and  shape  of 
the  material  in  each  sieve  size  were  noted. 

7.  After  the  sieved  material  was  surface  dry,  the  weight  retained 
on  each  sieve  was  obtained  to  the  nearest  pound,  or  to  at 
least  two  significant  figures,  whichever  was  the  most  precise. 

8.  The  basic  computations  were  checked  in  the  field  to  ensure 
that  the  measured  values  were  reasonable. 

FIGURE  D.4  shows  six  photographs  depicting  different  aspects  of 
the  field  sieving  procedure  used  for  gravels  on  exposed  bars. 


D. 5  Laboratory  Procedure  for  Sieving 

The  following  laboratory  procedure  was  used  when  sieving  the 
material  passing  the  8  mm.  sieve  for  gravels  and  is  essentially  the 
same  as  that  used  for  sands: 

1.  If  it  was  obvious  that  no  moisture  was  lost  from  the  sample 
bag,  the  "pass  8  mm."  material  was  reweighed  in  the  laboratory 
before  the  sample  was  opened.  This  served  as  a  check  on  the 
field  measurement. 

2.  The  sample  was  allowed  to  air  dry  for  a  period  of  at  least 
five  days.  At  the  end  of  this  period,  the  entire  sample  was 
reweighed.  The  water  content  based  on  the  air-dried  weight 
of  the  sample  was  then  computed. 

3.  The  air-dried  sample  was  prepared  for  sieving  by  breaking  the 
material  into  individual  particles.  After  this  preparation, 
the  sample  was  split  to  obtain  a  representati ve  sample  of  about 
500  grams  for  sieving  (only  about  200  grams  was  used  for  sands). 
The  remainder  of  the  sample  was  retained  for  future  analysis, 

if  necessary. 

4.  The  sieve  sample  was  weighed  to  the  nearest  0.1  gram.  The 
material  was  sieved  on  the  following  sieves  for  a  period  of 

10  minutes:  5.66,  4.00,  2.83,  2.00,  1.41,  1.00,  and  0.707  mm. 
The  material  passing  the  0.707  mm.  sieve  was  then  sieved  on  the 
following  sieves  for  a  period  of  10  minutes:  0.500,  0.354, 
0.250,  0.177,  0.125,  0.088,  and  0.063  mm.  (These  sieves  have 
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FIGURE  D. 4  ILLUSTRATIONS  OF  THE  FIELD  PROCEDURE  USED  TO  OBTAIN  AND  SIEVE  A  VOLUMETRIC  SAMPLE 
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square  meshes  at  1/2-phi  intervals.)  After  sieving,  the 
weight  retained  on  each  sieve  was  determined  to  the  nearest 
0.1  grams.  The  total  weight  of  the  material  after  sieving 
was  determined  as  a  check. 

D.6  Analysis  of  Bed  Material 

After  the  bed  material  samples  were  obtained  in  the  field,  a 
linear  dimension  had  to  be  assigned  to  each  grain  and  the  frequency 
distribution  of  the  particles  had  to  be  determined.  The  distribution 
of  the  particles  was  usually  established  by  weight  or  by  number.  The 
following  sections  outline  the  analysis  used  for  the  bulk  sieve 
sample  (surface  and  subsurface  material),  the  line  grid  and  stepping 
grid  sample,  and  the  grid  photograph  sample. 


D.6.1  Bulk  Sieve  Analysis 

The  bulk  sieve  analysis  used  for  a  gravel  sample  is  outlined 
as  follows: 

1.  The  moisture  content  of  the  "pass  8  mm."  material  obtained 
from  the  laboratory  sample  was  used  to  determine  the  adjusted 
weight  of  the  pass  8  mm.  portion  of  the  entire  field  sample. 

The  assumption  was  made  that  the  material  greater  than  8  mm. 
in  the  field  sample  was  air  dry. 

2.  The  percent  by  weight  of  the  material  passing  each  "phi 
diameter"  was  computed.  (That  is  the  percent  passing  256,  128, 
64,  32,  16,  8,  4,  2,  1,  0.5,  0.25.  0.125,  and  0.063  mm.  sieves.) 

3.  The  sample  was  analytically  split  at  the  8  mm.  size.  The 
percent  by  weight  finer  than  each  "phi  diameter"  was  computed 
for  the  "retain  8  mm."  material.  (That  is,  256,  128,  64,  32, 

16,  8  mm.)  In  a  similar  manner,  the  percent  by  weight  finer 
than  each  "phi  diameter"  was  computed  for  the  "pass  8  mm." 
material.  (That  is,  8,  4,  2,  1,  0.5,  0.25,  0.125,  and  0.063 
mm. ) 

4.  A  grain  size  curve  was  plotted  for  each  of  the  following 
cases:  the  entire  sample,  the  material  greater  than  8  mm., 
the  material  finer  than  8  mm.  The  D90,  D84,  D65,  D50,  D35, 

D16,  and  D10  sizes  were  obtained  for  each  of  the  sieve  curves 
and  tabulated  for  the  sample.  (For  sands,  the  same  data  was 
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obtained  from  a  grain  size  curve  using  1 /2-phi  plotting 
positions . ) 

D.6.2  Line  Grid  and  Stepping  Grid  Analysis 

Each  line  grid  or  stepping  grid  sample  consisted  of  50  stones 
whose  b-axes  were  measured  to  the  nearest  millimeter  in  the  field 
with  a  pair  of  calipers. 

A  computer  program  was  written  to  analyse  each  sample  by 
determining  the  largest  and  smallest  stone  size  and  the  number  of 
stones  falling  into  "1/2  phi  diameter"  classes.  The  percent  finer 
than  any  particular  "1/2  phi  diameter"  was  determined.  By  means  of 
a  linear  interpolation  using  "phi  units"  the  B90,  B84,  B85,  B50,  B35, 
B16,  and  BIO  sizes  were  evaluated  in  "phi  diameters"  and  converted 
to  the  nearest  millimeter.  The  detailed  write-up  of  the  computer 
program  used  to  carry  out  these  computations  is  presented  in 
APPENDIX  E.  This  type  of  analysis  was  referred  to  as  a  grid-by¬ 
number  analysis. 

D.6.3  Grid  Photograph  Analysis 

The  photograph  of  the  grid  on  the  gravel  surface  was  considered 
to  be  the  field  sample.  After  the  field  trip,  it  was  necessary  to 
assign  a  linear  dimension  to  the  stones  in  the  grid  photograph  and 
to  determine  the  frequency  distribution  of  the  stones.  The  detailed 
procedure  that  was  used  is  given  as  follows: 

1.  The  scale  of  the  photograph  was  first  computed.  Any  distortion 
in  the  photograph  was  accounted  for  by  using  the  average 
dimension  of  the  grid  frame  when  determining  the  scale.  Each 
grid  intersection  was  assigned  a  number.  (The  grid  used  for 
this  study  had  100  grid  intersections.) 

2.  A  regular  pattern  was  established  for  selecting  the  grid 
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intersections  to  be  used  when  measuring  the  stones  on  the 
photographs.  Twenty-five  intersections  were  used  from  each 
of  the  two  grid  photographs  taken  at  the  sample  site.  The 
b-axis  (assumed  to  be  the  smallest  axis  in  the  photograph) 
for  each  of  the  50  stones  under  the  assigned  grid  inter¬ 
sections  were  scaled  from  the  photographs  and  converted  to 
the  actual  size.  (If  the  transparencies  were  used,  the  b-axes 
were  determined  from  the  projection  of  the  transparency.  In 
this  case  a  scale  of  1  to  1  or  2  to  1  was  adopted.) 

The  following  three  cases  were  sometimes  encountered  when 
evaluating  a  grid  photograph: 

1.  More  than  one  assigned  intersection  occurred  on  one  stone. 

2.  An  assigned  intersection  was  such  that  no  particle  was 
visible  under  the  intersection  because  of  a  shadow  or 
some  other  cause. 

3.  An  assigned  intersection  was  on  sand  or  a  particle  with 
an  actual  b-axis  less  than  (approx.)  8  mm. 

In  the  first  case,  the  stone  diameter  was  repeated  each  time 
an  assigned  grid  intersection  fell  on  it.  In  the  second  case, 
a  random  number  between  1  and  100  was  selected.  The  b-axis  used 
was  the  one  under  the  grid  intersection  corresponding  to  the 
random  number.  The  next  stone  to  be  scaled  off  the  photograph 
was  at  the  next  assigned  grid  intersection.  In  the  third  case, 
the  b-axis  used  was  that  for  the  first  stone  encountered  by 
moving  away  from  the  grid  point  in  a  random  direction.  The 
next  stone  to  be  scaled  off  the  photograph  was  at  the  next 
assigned  grid  intersection. 

A  note  was  made  each  time  a  random  number  or  a  random 
direction  was  used  to  determine  the  particle  to  be  measured. 

(If  too  many  such  occurances  were  noted,  the  analysis  was 
questioned  or  rejected.) 

The  sample  obtained  from  the  grid  photograph  in  the  above 
manner  is  theoretically  identical  to  that  obtained  from  the 
line  grid. 

3.  The  analysis  was  completed  in  the  same  manner  as  that  used 
for  the  line  grid  sample,  but  was  referred  to  as  "grid-by¬ 
number  from  photograph". 

D. 7  An  Example 

The  detailed  presentation  of  the  bed  material  analysis  for  one 
bar  on  the  Crowsnest  River  near  Frank,  Alberta  is  given  in  this 
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section.  The  order  of  presentation  is  as  follows: 

1.  Description  of  Sample  Site 

1.  Sketch  of  site  in  plan  and  cross-section. 

2.  Coding  sheet  for  description  of  sample  site  and  samples 
taken  at  site. 

3.  A  photograph  of  the  bar  that  was  sampled. 

2.  Gri d-by-number  Analysis 

1.  Field  data  sheet  for  a  sample  of  50  b-axes. 

2.  The  analysis  of  the  sample. 

3.  Gri d-by-number  from  Photograph  Analysis 

1.  Grid  photographs  taken  along  the  line  grid  used  to  obtain 
the  line  grid  sample. 

2.  Determination  of  the  b-axes  of  the  material  from  the  two 
grid  photographs. 

3.  The  analysis  of  the  sample. 

4.  Bulk  Sieve  Analysis 

1.  Field  data  sheet  for  the  field  sieving. 

2.  Laboratory  analysis  of  entire  sample. 

3.  Laboratory  analysis  of  the  portion  finer  than  8  mm. 

4.  Grain  size  distribution. 

5.  Summary  giving  the  character!' sti c  sizes  for  the  entire 
sample,  the  portion  <  8  mm.,  and  the  portion  >  8  mm. 

The  following  example  is  typical  of  the  most  complete  analysis 

for  one  sampling  site.  In  many  cases  the  only  data  obtained  were 

the  field  description  of  the  sample  site,  and  the  grid-by-number 

analysis  for  gravel  rivers.  For  sand-bed  rivers,  the  data  consisted 

of  the  description  of  the  sample  site  and  a  bulk  sieve  analysis. 


RFsrn!!ci:  council  nr  aliilkta 

HIGHWAY  Alii)  RIVER  LiMNl'ElilNG  DIVISION  RIVER  DATA  SHEET  No. 

UNIVEKbllY  01  ALDER  I A  DES  1/71 

DEPARTMENT  OT  CIVIL  ENGINEERING 

DESCRlPJIOfl  Or  NED  MATERIAL  SAilPL  I NG  S ITE .  LOCATION  IN  CHANNEL 

Reach  Name:  Crows^est  n-r  ^ti,.  Reach  No:  9 ^ _ 

Description  by:  >■  %»-»* _ Datp:  v~s  ,  ,  lQTo 

Samples  obtained  at  site : 

»  *  » 

Sample  numbers  ^v-ao-tn,  -  ip -pi  ~ix-T»-st _ 

Note :  Place  an  asterisk  (*)  by  samples  that  are  most  compatible. 


Sketch  of  sampling  site 


Conments :  iqo  '  Ws  °f 


FIGURE  D. 5  DESCRIPTION  OF  BED  MATERIAL  SAMPLING  SITE 
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RESEARCH  COUNCIL  OF  ALBERTA 

HIGHWAY  AND  RIVER  ENGINEERING  DIVISION  RIVER  DATA  SHEET  No. 

UNIVERSITY  OF  ALBERTA  DF.S  3/71 

DEPARTMENT  OF  CIVIL  ENGINEERING 

DESCRIPTION  OF  BED  MATERIAL  SAMPLING  SITE,  PHOTOGRAPHS 

Reach  Name:  ctowsu^T  ^  Reach  No.__5JL _ 

Photo  by: _ T>.v.  _ Date  ^  ,  19LL2. 

Photo  Ref.  No :  -  To  -  \~z.  - z. _ 

Comments :  Loo*.^^  kt  s.\te. _ 

N\OT-fc  :  SCMi,  tvtT  0.-T  UPtMj  RU.WT  ^0£.  TO 

 V(g~(XC^  V-  SLV'Sifc  " 


FIGURE  D. 7  PHOTOGRAPH  OF  BED  MATERIAL  SAMPLING  SITE 
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RESEARCH  COUNCIL  Of  AIT  CRT  A 
HIGHWAY  A!.W  RIVER  LET,  INCUR I  M,  DIVISION 
UNI VLUSITY  Or  ALGERIA 
DEPARTMENT  OF  CIVIL  ENG! ETCHING 


RIVER  DATA  SHEET  Ho:  CRN  1/70 


BCD-MATfPIAl  (' ATA:  f.R ID  - LY -_EJi"!T R 


Reach  Name:.  _ BjT'Ai _ hr _ Reach  No •  *7 2, _ 

Sample  No:  *?~»--  )°  -ni _ Date:___LS _  _ ;  19_l4_ 

Sampled  By:  t>  > ,  _ Sample  Method-  u,*«.  tm». 


Spacing: _ \_s _ ft.  Minimum  b-Axis: _ § _ mm. 

Location:  Kt  wiht,  os  h-kt  ik».  qh  l»t  Yost  Ws  et«n  u4 _ 


No. 
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FIGURE  D. 8  DATA  SHEET  FOR  A  GRID-BY-NUMBER  SAMPLE 
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FIGURE  D. 9  GRID-BY-NUMBER  ANALYSIS  OF  A  BED  MATERIAL  SAMPLE 
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RESEARCH  COUNCIL  OF  ALBERTA 
HIGHWAY  AND  RIVER  ENGINEERING  DIVISION 


UNIVERSITY  OF  ALBERTA 

DEPARTMENT  OF  CIVIL  ENGINEERING 

BED  MATERIAL  ANALYSIS 

FROM  PHOTOGRAPH 

Reach  Name 

Ce.ovj<>  M'e.s-r  f\T  'Tp-fvHK  .  Reach 

Sample  No. 

9  X  -  ~T  o  -  P  4.  \  P2 

Date .. 

Photo  By 

~b.\.  e>g.(yy 

Photo 

Photo  Grid 

Location 

KT  HEtv'b  Of  PoiHT 

OK  LtVT  A1 

RIVFR  DATA  SHEET  No. 

GBN  PI / 70 


92. 


Photo  Ref.  No. 


U A 


Comments :  -  si  tkvo£.v*  v-h^eo.  92-  oo  - 


FIGURE  D. 1 0  PHOTOGRAPHS  OF  A  GRAVEL  SURFACE  USED  TO  OBTAIN  A 
GRID  PHOTOGRAPH  SAMPLE 
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RESEARCH  CO'J!!t. TL  OF  ALHTRTA 
HIGHWAY  AMD  KIVi  H  ENGlMLRlilG  DIVISION 
UNI VIRS1  TY  Oh  ALBERTA 
DEPARTMENT  OE  CIVIL  LUC  I  TILER  I  NO 


RIVER  DATA  SHEET  Mo. 

G8N  P2/70 


BED  MATERIAL  ANALYSIS:  ORI O-BY-NHMDER  FROM  PHOTOGRAPH 


Sample  Nn.  -  ~i  q  -  pi _ 

4S°-«i n  Field  =  »  nun  on  Photo. 

T  mm  on  Photo  -  ~i  z-8  nun  in  Field. 
No.  i  to  2  S  obtained  from  Sample. 
Largest  b-axis  in  Photograph 
'Y°  mm  photo  mm  (actual) 


Sample  No.  Tt-  To  -  R _ 

±i£Lns.in  Field  =  C'  4  nim  on  Photo. 

1  mm  on  Photo  =  ~lMim  in  Field. 
No.  it to  So  obtained  from  Sample. 
Largest  b-axis  in  Photograph 
'  °  S  mm  photo;  n  mm  (actual). 


No. 

b-axis,  mm 
Photo 

b-axis,  mm 
Actual 

Rand . 
Code 

1 

z  • 

>5 

2 

2.  \ 

'S 

3 

A,  ° 

zi 

4 

'  S 

1 
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'  S 

w 

6 

t  s 

4T 
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8  ft 

t4 
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4  2- 

S' 

9 

1  » 

ST 

10 

is 

SI 
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Y% 
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So 
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■).» 

U 
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T3 
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!• 
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Z  o 
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No. 

b-axis,  itch 
Photo 

b-axis,  mm 
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Rand . 
Code 

1  (26) 
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ss 
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*7 

— 

8  (33) 

S  1 
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M 
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25  (50) 
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T7 

Random  Code:  Give  random  direction  used  if  predetermined  intersection  on  sand  (  -*  ) 
Give  random  intersection  used  if  rock  at  predetermined 

intersection  is  not  visible  (a35) 


FIGURE  D. 1 1  DATA  SHEET  FOR  A  GRID-BY-NUMBER  FROM  PHOTOGRAPH 
ANALYSIS 
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RIVER  DATA  SHEET  No.  SI/70 


RESEARCH  COUNCIL  OF  ALBERTA 
HIGHWAY  ANO  RIVER  ENGINEERING  DIVISION 
UNIVERSITY  OF  ALBLRTA 
DEPARTMENT  OF  CIVIL  ENGINEERING 

S1EVE  ANALYSIS  OF  BED  MATERIAL  IN  FIELD 

Reach  Name:  cRowshE-Vt  R'Ut-o.  kt  VRKWt,  l  mtn  Reach  No.  HL _ 

Sample  No.  ^z-io-st  Date:  '-»>  ;  k^c.  ;  1  97q  ;  Sampled  By:  \y  \ 

Sample:  Surface  and  Subsurface  J  ;  Surface _ ;  Subsurface _ 

Sample  Condition:  Submerged  ;  Moist  y/  Dry _ . 

Sample  Site:  Depth  =  >  o  ins. ;  Width  -r  ig  ins. ;  Length  y.  ie,  ins. 

Location:  oN _ comt Lt.tr  Iju  Yu  /  s  *•)  \ _ 

Field  Measurements 

Total  Weight  of  Sample  +  Tare:  +  \ \i>  *  lbs. 

Height  of  Tare:  _ \  u  ♦  _ \  c  =>  _ s  lbs. 

Total  Weight  of  Sample:  2,3.5  lbs.  (1) 


Site  Ranqe,  run. 

Material  +  Tare,  lbs. 

Tare,  lbs. 

Material,  lbs. 

Scale  Used 

>  256 

— 

- 

- 

- 

128-256 

- 

- 

- 

- 

64-128 

“rr> 

>  c 

4-1 

L  L 

32-  64 

<•1 

1  c 

LS 

u  l 

16-  32 

43> 

4-2, 

L  L 

8-  16 

ZT 

o  .  8 

It 

i 

l  6o 

2) 

Site  Ranqe,  mm. 

(>«•*.».  Lltholoqy 

Shape 

Comment 

>  256 

— 

- 

- 

128-256 

— 

- 

- 

64-128 

C«V» 

32-  64 

16-  32 

S  Wat* 

8-  16 

^  -SVJ  <-V,V« 

Largest  b-axls  In  Sample:1  v\  a  mm.;  No.  of  Rocks  on  Top  Sieve  * 


Ht.  of  Total  Sample:  •  iss 

Ht.  of  Sample  Retained  on  8  mm.:  ■  _ i  8° 

Ht.  of  Sample  Pass  8  rrm.  in  Total  Sample:  ■  _ Sjj. 

Ht.  of  Sample  Pass  8  rm.  for  Laboratory:  •  z-*> ° 

(at  least  2,500  gms.)  « _ S- 1 

l  of  Pass  8  mm.  Material  In  Sample  for  Laboratory:  *  _ 3  3 


.lbs.  (1) 
Jbs.  (2) 
lbs. 
gms. 
lbs. 

X 


Comments:  -t L 


FIGURE  D. 1 3  DATA  SHEET  FOR  A  BULK  SIEVE  ANALYSIS  OF  BED  MATERIAL 
IN  THE  FIELD 
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RESEARCH  COUNCIL  OF  Al ROTA  RIVER  DATA  SHEET  No.  S2/70 

HIGHWAY  AND  RIVLP.  El  GIHEEMI iifi  DIVISION 

UKivLRSi  i  y  or  alci: i; r a 
DEPARTMENT  OF  CIVIL  ENGIiiLLP.ING 


_LACOR ATOR Y  _  ANA L VS  IS  OF  P.F 04 : AJiTR _T  AL_ SAMPLE 

Sample  No.: _ At  -  ~>o  -  ■Si. _ Site  No.__T_t. _ 

Analysis  By:  t>  \  .  l  mwen  ^  Dote  ti  _ ,  19To 

If  any  Material  Greater  than  B  iirn  in  Total  Sample: 

Weight  of  Sample  of  Pass  8  nin  from  Field  ■  o  gms.  (1) 

Weight  of  Air-Dried  Sample  +  Tare  =  in^  gms. 

Weight  of  Tare  f  -  _ o_  gms. 

Weight  of  Air-Dried  Sample  =  gms.  =  tiu  gms.  (2) 

Weight  of  Water  in  Field  Sample  of  Pass  8  mm  =■  > si  gms.  (3) 

t  Moisture  in  Pass  8  ron  Material  Based  on  Air-Dried  Weight 

•  — [fj—  x  100%  *  x  100%  =■  ----—%  (4) 


Total  Dry  Weight  of  Pass  8  inn  Material  in  Total  Field  Sample 


x  100 

^W 


13.Z-Q—  , 
"  (. 


AT  A  LB.  (5) 


Total  Dry-Weight  of  Entire  Sample 

»  Total  Weight  of  Material  Greater  than  8  m  +  (5) 

»  >6q  LB  +  AT  LB  *  __7.tj___>__LB.  (®) 


Distribution  of  Sizes: 


Size 

range 

nm. 

%  of  Pass 

8  nm.  in 
ranae  (al 

%  based 
on  total 
sample  (bl 

4  -  8 

It  5 

A-t 

2-4 

2.0  ^ 

-V.x. 

1  -  2 

t  S/S 

Vt 

0.5  -  1 

\*V  o 

i-8 

0.25  -0.5 

\  W  T 

is 

0.125-0.25 

O  .  * 

0.063-0.125 

\  X 

°  i 

<  0.063 

\  .  o 

®  X 

Z 

2.0  T 

a)  Copy  last  column  of  table  on  data  sheet  S3/70. 

b)  Multiply  the  column  to  left  with  (5)/(6). 


NOTE:  Check  computations  as  follows: 
(B)  -  100  x  (5)/(6) 

(7)+(8)  -  100 


z°  i 


to  ■  g 


ttt>+  ton 


FIGURE  D.14  DATA  SHEET  FOR  BULK  SIEVE  ANALYSIS  OF  BED  MATERIAL 
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RESEARCH  COUNCIL  OF  ALilERTA  RIVER  DATA  SHEET  No.  S3/70 

HIGHWAY  AND  RIVER  ENGINEERING  DIVISION 
UNIVERSITY  Or  ALL c i'.TA 
DEPARTMENT  Or  CIVIL  ENGINEERING 

LABORATORY  ANAL YS I  S  OP  UFO JIATFRI AL_SAMPLF :  PASS  8  HM  MATERIAL 

Sample  No. _ "?  z  -  ~r  o  -  s  t _  Site  No.  iz. _ 

Weight  of  Air-Dried  Sample  +  Tare  »  bso  s  gms. 

Weight  of  Tare  H  -  z  a _  =  e>  a  gms. 

Weight  of  Air-Dried  Sample  for  Analysis  -  ~>C  z .  z  gms. 

(Minimum  *  500  gms  for  gravels;  200  gms  for  sands.) 


RESULTS  OF  SIEVING  FOR  PASS  8  HM  MATERIAL  ONLY 


Sieve 

size 

mm. 

Air-dry  wt. 
retained 
+  tare 
qms . 

Weight 
of 
tare 
qms . 

Air-dry 

weight 

retained 

gms. 

%  Total 
pass  8  mm 
retained 

%  Total 
pass  8  mm 
retained 

5.66  * 

ns 

4.00 

Ctt.l, 

4-LA-  A 

'1  '  f 

n  5 

2.83 

58SL 

\ 

a«  S 

n  U 

2.0  * 

2.00 

S  IV  A 

^515 

Ci  i 

s  ~r 

1.41 

A-7A.A 

All.* 

5|  8 

L  3 

'51 

1.00 

5?H 

A  *,1.  4 

Cl  4 

85 

0.707 

Lna 

A  Z4  \ 

4.  &  .  o 

8TI 

'V  o 

0.500 

A  i  A  \ 

~IL  C 

\o.  \ 

0.354 

Llo* 

5.81.  L 

«29 

N®  ^ 

U.7 

0.250 

Mo  -  o 

vta  i 

5  a 

0.177 

iaa  o 

Ho* 

Z\  L 

Z.  a 

V-> 

0.125 

tssi 

\4I~C 

8  S 

v.  \ 

0.088 

ssu 

Hl.o 

5-1 

»  1 

1  z. 

0.063 

l.Ao  » 

4  O 

O  5 

<0.063 

3,80  o 

ill  "1 

1  i 

l  -  O 

O 

t 

Tto  S 

■-» 

Check: 


Total  Air-Dry  Weight  After  Sieving  +  Tare 

■ 

3~U.X 

gms 

Weight  of  Tare  # 

■ 

Ml.t 

qms 

Total  Air-Dry  Weight  After  Sieving 

• 

1  Cl.  1 

gms 

%  THl  C,  1C  M1WVI  Wa^  K»T  IH 


FIGURE  D. 1 5  DATA  SHEET  FOR  THE  SIEVE  ANALYSIS  OF  A  BED  MATERIAL 
SAMPLE  IN  THE  LABORATORY 


Percent  finer 
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RESEARCH  COUNCIL  OF  ALBERTA  '  RIVER  DATA  SHEET  No:  S4/70 

HIGHWAY  AND  RIVER  ENGINEERING  DIVISION 
UNIVERSITY  OF  ALBERTA 
DEPARTMENT  OF  CIVIL  ENGINEERING 


SIEVE  ANALYSIS  OF  BED  MATERIAL 


Reach: _ _ it  t  K  station  No:  'll _ Sample  No:  dz-Iq-  M 

Location :  hcm>  p»»nt  t>/s  oj  04 _ 

Comments : _ _ 


Grain  size  in  millimeters 


FIGURE  D. 1 6  GRAIN  SIZE  CURVE  FOR  THE  ENTIRE  SAMPLE,  THE  PORTION 
GREATER  THAN  8  MM.,  AND  THE  PORTION  LESS  THAN  8  MM. 
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RESEARCH  COUNCIL  Or  ALDLRTA 
HIGHWAY  AND  liIVLR  LNG I  MILKING  DIVISION 

UNIVERSITY  Or  ALGERIA  RIVER  DATA  SHEET  No.  S5/70 

DEPARTMENT  OE  Civil  ENGINEERING 

SIEVE  JUIALYS  IS _ 0E_  D  E  DJI  AIT  D I  Al  _5_A_:  IPL  Z,  _SUf  ILIARY 

Reach  Name — LiawMtsT  kt  _ Reach  Hn.  41 _ 

Sample  No.  n-  i°-  sV. _ _ _ 


1 .  Entire  Sample: 


Range 

%  in 

%  Finer 

Range 

%  in 

%  Finer 

nm 

Range 

Than  First  l> 

nrn 

Range 

Than  First  # 

4  -  8 

■v  -i 

it  0 

512-1024 

— 

- 

2  -  4 

4  2. 

\\  8 

256-  512 

- 

— 

1  -  2 

1.1 

6  4 

128-  256 

- 

\  o  o  o 

0.5  -  1 

3. a 

4  8 

64-  128 

Z»T 

14  3 

0.25-0.5 

5  5 

1.3 

32-  64 

2-8  4 

Fo  1 

0.125-0.25 

0  8 

o.S 

16-  32 

' 

3t  2- 

0.0625-0.125 

0  3 

o.Z. 

8-  16 

_ n  5 

_ -2-°  1 _ 

<  0.0625 

o  z 

Error*  •  ° 

2.  Portion  Greater  Than  8  mm. 

3.  Portion  Less  Than  8  mm. 

Range 

%  in 

%  Finer 

Range 

%  in 

%  Finer 

mm 

Range 

Than  First  # 

mm 

Range 

Than  First  # 

512-1024 

— 

- 

4  -  8 

L2  S 

S> 

256-  512 

— 

- 

2-4 

to  3 

Si  t 

128-  256 

— 

\  e>  o  o 

1  -  2 

'  51 

A-\ 

64-  128 

'LL  2 

13  a 

0.5  -  1 

\  *V  o 

32-  64 

34  1 

ST  7 

0.25-0.5 

Ife  T 

c  Z. 

16-  32 

Z-V* 

«4  A- 

0.125-0.25 

3  ■» 

1  3 

8-  16 

1  4  4 

O  .  O 

0.0625-0.125 

\  z 

1.  1 

<  8 

0.0 

Error”  »  ° 

<  0.0625 

\  o 

Error”  m 

Characteristic  Sizes  in  Millimeters 


Size 

Portion 

<  e  * 

Enti  re 
Samp  1 e 

Portion 
>  8  mm 

d9o 

da*# 

d65 

dso 

das 

dit 

L  o 

8  4 

So 

T1 

e  o 

2  C 

44 

S4 

IS 

31 

43 

014 

18 

30 

©  4  *> 

4-1 

>1 

dio 

o  3o 

'  Z. 

'  1 

FIGURE  D. 1 7 


SUMMARY  OF  A  FIELD  AND  LABORATORY  SIEVE  ANALYSIS  OF  A 
VOLUMETRIC  BED  MATERIAL  SAMPLE 


APPENDIX  E 


COMPUTER  PROGRAM  FOR  GRID-BY-NUMBER  ANALYSIS 
E. 1  Purpose 

The  gri d-by-number  analysis  has  been  shown  to  be  equivalent 
to  a  bulk  sieve  analysis  of  the  surface  population  of  a  gravel  river 
bed  in  CHAPTER  3  and  also  by  Kellerhals  and  Bray  (1971).  Consequently, 
emphasis  should  be  placed  on  the  grid-by-number  analysis  when  studying 
phenomenon  related  to  the  surface  material  in  gravel  rivers.  A  com¬ 
puter  program  has  been  written  to  provide  a  standard  and  objective 
grid-by-number  analysis  of  a  line  grid  sample,  a  stepping  grid 
sample,  or  a  grid  photograph  sample. 

One  indirect  advantage  of  using  a  computer  analysis  is  that  all 
data  obtained  in  the  field  are  stored  in  a  readily  accessible  manner. 
This  provides  an  opportunity  for  easily  analysing  the  data  in  one  or 
more  ways.  For  example,  individual  samples  from  one  site  may  be 
analysed  or  several  samples  at  one  site  may  be  combined  for  the 
analysis.  It  is  even  possible  to  obtain  a  "pooled  sample"  for  a 
given  river  reach  by  combining  all  "representati ve"  samples  in  the 
reach. 

E. 2  Parameters  Computed 

All  bed  material  data  obtained  in  the  field  are  in  millimeters. 

The  analysis  is  based  on  "phi  units"  defined  as  the  log  to  the  base 
2  of  the  b-axis  in  millimeters.  (Conventionally,  the  "phi  unit"  is 
the  negative  value  of  the  log,  but  in  this  analysis  the  positive 
value  is  used.  No  confusion  should  arise  since  the  equivalent  b-axis 


■ 


E2 

in  millimeters  is  also  given.)  The  b-axis  in  millimeters  is  referred 
to  as  "B"  and  after  conversion  to  "phi  units"  the  b-axis  is  referred 
to  as  "PHI". 


A  print-out  of  the  analysis  of  a  single  bed  material  sample  is 
presented  in  FIGURE  E.l  and  the  analysis  of  a  "pooled"  sample  is 
given  in  FIGURE  E.2.  A  detailed  explanation  of  all  computed  values  • 
in  the  analysis  is  given  as  follows: 

1.  Nine  characteristic  b-axes  are  given  in  "phi  units"  and  in 
millimeters.  In  each  case  PHI(i)  is  the  b-axis  in  "phi  units" 
computed  such  that  "i"  percent  of  the  stones  in  the  sample  are 
finer  than  this  size.  All  characteristic  sizes  computed  in 
this  manner  are  also  expressed  in  millimeters  as  B(i). 

2.  Three  measures  of  central  tendancy  based  on  the  "phi  units" 
are  computed. 

1.  The  arithmetic  mean  in  "phi  units".  When  the  arithmetic 
mean  is  transformed  to  millimeters,  it  corresponds  to 
the  geometric  mean  of  the  sample. 

2.  The  median  or  PHI50  in  "phi  units".  The  equivalent 
b-axis,  B50,  in  millimeters  is  also  computed. 

3.  The  mode  in  "phi  units".  The  mode  is  computed  by  fitting 

a  parabola  through  the  center  of  the  peak  of  the  histogram. 
The  corresponding  b-axis  in  millimeters  is  also  computed. 

3.  Two  measures  of  dispersion  based  on  "phi  units"  are  computed. 

1.  The  unbiased  estimate  of  the  standard  deviation,  s,  i n 
"phi  units"  based  on  the  entire  sample. 

A  second  form  of  dispersion  based  on  the  unbiased 
estimate  of  the  standard  deviation,  s,  is  expressed  as  2s. 

2.  The  parameter  o  defined  as  follows: 

<*  =  (PHI84  -  PHI16)/2  EQUATION  E-l 

This  parameter  is  equivalent  to  the  standard  deviation 
for  a  phi-normal  (log-normal)  distribution  (see  FIGURE  E.3). 
If  the  distribution  of  the  sample  is  phi-normal,  the 
unbiased  estimate  of  the  standard  deviation  is  essentially 
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FIGURE  E. 2  EXAMPLE  OF  THE  COMPUTER  PRINT-OUT  FOR  THE  GRID-BY-NUMBER 
ANALYSIS  OF  THREE  "POOLED"  SAMPLES  OF  50  EACH 


- 


Skewed  Distribution 
Using  b-Axis 


PHI  -Normol 
Distribution 


Cumulative  Curve  of  PHI 
Normol  Distribution 


<7=  Standard  Deviation  =(  PHI  84-PHI  16  )/2 

No,e'\/ii'  =  2CT 


FIGURE  E. 3  MEASURES  OF  SAMPLE  DISPERSION 


E6 


identical  to  this  parameter. 

A  second  form  of  this  parameter  based  on  b-axes  in 
millimeters  is  computed  as:  ( B84/B1 6 )° * 500 .  This  is 
equal  to  2 a  for  a  phi -normal  distribution. 

4.  The  unbiased  estimate  of  the  coefficient  of  skewness  is  computed 
from  the  "phi"  diameters.  If  the  sample  is  distributed  as 
phi-normal,  the  value  of  this  coefficient  is  0.0.  Therefore, 
this  parameter  provides  a  measure  of  the  deviation  of  the  sample 
distribution  from  phi -normal. 

5.  The  unbiased  estimate  of  the  coefficient  of  kurtosis  is  computed 
from  the  "phi"  diameters.  If  the  sample  is  distributed  as 
phi-normal,  the  value  of  this  coefficient  is  3.0.  This  para¬ 
meter  is  a  measure  of  the  peakedness  of  the  distribution. 

Since  the  computation  of  this  coefficient  involves  the  fourth 
moment,  the  computed  value  should  be  interpreted  with  caution. 

6.  Two  widely  accepted  gradation  coefficients  are  computed.  Both 
coefficients  are  based  on  characteristic  b-axes  in  millimeters. 

1.  The  Trask  Sorting  Coefficient. 

This  coefficient  has  been  commonly  used  by  geologists  to 
describe  the  gradation  of  a  sample  and  is  defined  as: 

r  =  (B75/B25)0*500  EQUATION  E-2 

It  would  be  more  meaningful  if  this  parameter  were  called 
a  gradation  coefficient,  because  a  sorting  coefficient  should 
imply  that  good  sorting  is  associated  with  a  high  value.  In 
this  case  good  sorting  is  associated  with  a  low  value  of  the 
coeffi cient. 

If  the  "phi  diameters"  are  used,  the  coefficient  is 
defined  as: 

*  PHI  =  (PHI75  -  PH  1 25 ) / 2  EQUATION  E-3 

This  form  of  the  coefficient  is  similar  to  that  used  for 
the  sample  dispersion.  However,  the  PHI25  and  PHI75  sizes 
do  not  have  the  statistical  significance  of  the  PHI 1 6  and 
PHI84  sizes.  This  later  form,  T  PHI  is  not  computed. 

2.  The  Gradation  Coefficient, 

This  coefficient  has  been  used  extensively  in  recent 
engineering  literature  (Simons  and  Richardson  (1965)). 

The  coefficient  is  defined  as: 


EQUATION  E-4 


» 
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If  a  sample  is  distributed  as  phi-normal,  the  value  of 
this  parameter  is  identical  to  the  dispersion  coefficient, 

2  °  ,  where  is  defined  by  EQUATION  E-l.  If  the 
distribution  is  skewed,  the  value  of  <rg  is  a  slightly 
better  measure  of  the  dispersion  than  ,  since  it  is  a 
weighted  value  by  considering  B50  as  well  as  B16  and  B84. 

The  log  of  <rg  to  the  base  2  is  equivalent  to  the 
standard  deviation  of  the  sample  in  "phi  units"  if  the 
sample  is  distributed  as  phi-normal. 

7.  A  summary  of  the  number  of  stones  falling  into  one-half  phi 
class  intervals  is  presented  along  with  the  cumulative  number 
and  cumulative  percent  of  the  stones  finer  than  the  lower  bound 
of  each  class  interval. 

Using  this  analysis,  most  of  the  parameters  required  to 
characterize  the  sample  may  be  obtained. 


E. 3  Method  of  Computation 

This  section  will  only  consider  the  method  used  to  compute 
the  characteri sti c  sizes  which  are  determined  from  the  sample.  The 
procedure  that  was  used  is  given  as  follows: 

1.  All  b-axes  were  transformed  from  the  millimeter  to  "phi  units". 

2.  The  maximum  and  minimum  phi  sizes  were  determined. 

3.  The  cell  sizes  were  computed  using  an  interval  of  one-half 
phi  unit.  (e.g.  2.000  -  2.4999,  2.500  -  2.999,  etc.). 

4.  The  transformed  b-axes  were  sorted  into  the  correct  class 
i nterval . 

5.  The  number  and  percent  of  stones  finer  than  the  lower  class 
bound  of  each  size  interval  were  determined. 

6.  The  nine  characteristic  sizes  PHI90,  PHI84,  PHI75,  PHI65, 

PHI  50,  PHI35 ,  PHI25 ,  PHI16  and  PHI 1 0  were  obtained  by  linear 
interpolation.  The  smallest  and  the  largest  stones  were  used 
as  the  zero  and  100  percent  finer  sizes.  FIGURE  E.4  illustrates 
the  interpolation  technique. 

7.  The  b-axes  in  millimeters,  B,  corresponding  to  the  character¬ 
istic  PHI  sizes  were  computed. 


■ 


4 


E8 


Note:  PHI  =  Log  (b-Axis  in  Millimeters) 


Example1  PHI  65=  6.12  (from  Linear  Interpolation) 

8  65  =  26'12 

=  69  Millimeters 


FIGURE  E.4  METHOD  USED  TO  OBTAIN  A  CHARACTERISTIC  SIZE 


E9 

E. 5  The  Program  and  an  Example  of  the  Data  Card  Set-Up 

The  program  was  written  in  Fortran  IV  and  processed  by  Michigan 
Terminal  System  (MTS)  by  using  the  Fortran  IVG  Compiler  on  the 
IBM  360-67  computer  at  the  University  of  Alberta  Computing  Center. 
The  listing  of  the  program  is  presented  on  the  following  pages. 

A  listing  of  the  control  cards  and  data  cards  are  presented  at 
the  end  of  the  listing.  It  is  noted  that  the  sample  data  should  be 
coded  in  a  continuous  sequence.  The  first  number  (col  1-4)  on  any 
sample  card  should  never  be  zero.  The  data  for  a  run  are  arranged 
in  the  following  order: 

1.  First  data  set.  A  data  set  may  consist  of  a  maximum  of  15 
cards  of  data  using  from  1  to  5  samples.  Each  sample  must 
have  at  least  18  b-axes. 

2.  One  blank  card  at  the  end  of  first  data  set. 

3.  Second  data  set. 

4.  One  blank  card  at  the  end  of  second  data  set,  etc.  ... 

5.  Last  data  set. 

6.  Two  blank  cards  at  the  end  of  last  data  set. 

A  larger  number  of  samples  or  a  larger  sample  size  in  a  data 
set  may  easily  be  accomodated  by  changing  the  appropriate  dimension 


statements . 
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************ ********* *********** ****** ****** ********************** 

GR I D-RY-MJMP  ER  ANALYSIS  FOR  BED  MATERIAL  OATA  -  D.  I.  BRAY  -  1970 

****************************************************************** 

THIS  PROGRAM  WAS  OESIGNED  TC  READ  IN  DATA  FOR  A  GRID-BY-NUMBEft 
ANALYSIS.  THE  BASIC  INPUT  DATA  IS  ANALYSED,  SUMMARIZED  ANO 
PRINTED  CUT  IN  TABULAR  FORM. 

TFE  DIMENSION  STATEMENT  FOR  AN  INDIVIDUAL  SAMPLE  WILL  HAVE  TO  BE 
CHANGED  TO  ACCOMODATE  A  SAMPLE  LARGER  THAN  255. 

NOTE:  THE  READ  IN  FORMAT  IS  FIXED  AS  OUTLINED  IN  THE  SUBROUTINE 
READD. 

MAIN  PROGRAM 
DIMENSION  0(280) 

I  P  =  6 

DIMENSION  NAME1 ( 6 ) , N AME2 ( 6 ) , N AME3 ( 6 ) 

DIMENSION  ECF( 16) »ECLF( 16),CUB( 16)»TNCUB( 16) ,NCUB( 16) 

DIMENSION  PHI<17),CPF!17),PC<16),PHIU116>,BAXIS(16) 

DIMENSION  CPL ( 16) ,CMML( 16) ,CMMU( 16) ,NCUM( 16 ) 

561  CALL  REAOC ( D, NT, NAME  1 ,NAME2, NAME3.NSAMP, IENDT) 

IF  I IENDT. EC. 1)  GO  TO  503 
C  D  TFE  B-AXIS  IN  MILLIMETERS 

WRITE! IP, 998  ) 

998  FORMAT!  •  l  •  ,///  ) 

IF(NSAMP.EQ.l)  GO  TO  901 
GO  TO  902 

9C1  WPI  TE( IP, 755  )NAME1( 1 ) »NAME2( 1  ) , N AME3 ( 1  > 

755  FORMAT ( 'O' ,20X, ‘SUMMARY  OF  G R I D- BY-NUMB E R  ANALYSIS  FOR  BED  MATERIA 
1L  SAMPLE  •  ,3A4 ) 

GO  TO  903 

9C2  WRITE! IP»347)NSAMP 

397  FORMAT! ‘O' ,10X, ‘SUMMARY  OF  GR I D- e Y-NUM B ER  ANALYSIS  FOR  THE  FOLLOWI 
1 NG  '  » I  4  ,  '  RED  MATERIAL  SAMPLES') 

WPI TE( IP, 756 ) ( NAMEI ( IN»,NAME2( IN) ,NAME3( IN) , I N= l, NS AMP) 

756  FORMAT! 'O'  ,20X,5!3A4, •  ,  •)) 

9  C  3  WPITF! IP, 780  )  NT 

780  FTRMAT! 'O' ,10X, 'SAMPLE  SIZE  =',I5,'  <  ALL  VALUES  ARE  FOR  B-AXIS 

1MFASURE0  TO  NEAREST  MILLIMETER)') 

WPITF! IP, 781  )!D( I  ), 1=1, NT) 

781  FORMAT!'  *,6X,15F6.0) 

C  TRANSFORM  B-AXIS  TC  LCG  TO  THE  BASE  2 

CO  1  1  =  1, NT 

C ( I )=AL0G10(D( I ) ) /0.30103 
1  CONTINUE 

CALL  FLAS!0,NT,AL,AS) 

CELL=0. 50 

C  DETERMINE  LOWEST  UPPER  BOUND  TO  BE  USED 

15  Al B=  2.00** AL 
ASB=2.00**AS 
CUBT=0.0»CELL 

32  IF (CUBT.GT .AS)  GO  TO  35 
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CURT=CUBT*CELL 
GC  TO  32 
35  CUB (  1 ) =  CU8 T 
IC  =  2 

20  CUB( IC)  =  CUP(  IC-ll+CELL 
I F { CUB ( IC) .LE.All  GO  TO  5 
I C  F=  I C 

IFtICF.LE.16)  GO  TO  6 
CELL*  1 .00 
GC  TO  15 

5  1C=IC+1 
GC  TO  20 

C  DETERMINE  THE  NUMBER  CF  OATA  POINTS  IN  EACH  CELL 

6  DC  60  K=  1 ,  ICF 
TNCUB ( K ) =0 .0 
NCUB<K)=0 

00  70  1=1, NT 
CL'BT1=CUP(K)-0.0001 
IF  (0(1 ) .CT.CUBT1 )  GO  TO  70 
CLP T2=CUB(K) -CELL-0. 0001 
I F ( 0 ( I ) . GE .CUBT2 )  GO  TO  72 
GC  TO  70 

72  TNCU8(K)=TNCU8(K)M. 

NCUB(K)=TNCUB(K) 

C  TNCUB  =  THE  TOTAL  NUMBER  IN  CLASS  INTERVAL 

70  CONTINUE 
60  CONTINUE 

00  71  K=  1  »  ICF 

C  ASSUMES  MEASUREMENTS  ARE  TO  NEAREST  0.1  MILLIMETER  OR  GREATER 

C  PL (K)-CUB(K )-CELL 
CNML(K>=?.CO**CPL(K) 

CMMU(K )=2.00**CUR(K)-0.1 

71  CONTINUE 

NC  UM ( 1)=NCUB( 1 ) 

CO  172  K  =  2  » ICF 

NCUM(K )=NCUM(K-1 )+NCUB(K ) 

172  CONTINUE 

CALL  STATP(C,NT,SM,SSO»UCOVfUCOSK,UCOKU) 

SSCB=2.00**SSD 

SMB=2.00**SM 

C  DETERMINE  SIZES  CORRESPONDING  TO  GIVEN  PERCENTAGES 

cpf  ( n^o.o 

C  CPF  =CUMUL  AT  I VE  PERCENT  FINER 

PHI ( 1 )  =  AS 

C  ICF  =  TOTAL  NUMBER  OF  CELLS 

TN  =  NT 

DC  11  K= 2 ,  IC  F 

CPF  <  K ) =CPF ( K  —  1 ) ♦TNCUBIK-l )/TN*100. 

PH  I  ( K ) =CUB ( K-l ) 

11  CONTINUE 
ICFF  =  ICF-H 
C P F (  ICFF  )=  100.0 
PHI (  ICFF )  =  AL 
PC ( 2 ) = 10 . 

PC ( 3 )  =  16  . 
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PC  C  4 1 *25 . 

PC I 51*35. 

PC  I  6 ) =50. 

PC  I  7 ) =65. 

PC  (  8 ) =75 • 

PC ( 9 )  =  84. 

PCI  101=90. 

I  C  B*2 

DO  13  1=2,10 

DO  12  K=ICB,ICFF 

IF (PCI  I I.LE.CPF(K) )  GC  TO  75 

GO  TO  12 

75  I F  I  PC  I  I ) .GT.CPFIK— 1) )  GO  TO  85 
GC  TO  12 

e5  PFIUI I  )  =  PHI ( K-l )  +  (PHI (K)-PHI (K-i) ) / ( CPF ( K ) -CPF ( K-l ) ) * ( PCI  I ) -CPF  IK- 
11  )  ) 

EAXI SI  I )  =  2  .00**PH I U I  I ) 

12  CONTINUE 

13  CONTINUE 

C  FINO  MAXIMUM  NUMBER  IN  CELL  FCR  COMPUTING  MOOE 

A  P  MA  X  =  0  •  0 
DO  17  1=1,  ICF 

IFITNCUBI  I  J.GT.ABMAX)  GO  TO  113 
GC  TO  17 

1  13  A  P  MA X=  TNCtl  B  I  I  ) 

M  A  X=  I 

17  CONTINUE 
ICFP=ICF*1 
TNCIJBI  ICFP  )  =  0 . 0 

CFLTA1=TNCUR<MAX)— TNCUBIMAX— 1 ) 

DEL TA?=TNCUP (MAX)-TNCUBI MAX»1 ) 

DN0DE=CUB(MAX-1 )*DELTA1*CELL/(DELTA1+0ELTA2) 

DMODEB=2.00**0MODE 

GPADP=(PHIU(9)-PHIU(3))/2. 

GPAOP8=2.CO**GRADP 

TPASK=S0RT(PAXIS(8)/BAXIS(4)) 

SIGMA=0.5*((BAXIS(6)/BAXIS<3 ) ♦ B AX  I S I  9 ) / B AX  I S I  6 )) > 

786  WP  ITE I  IP, 758  ) 

758  FORMAT! 'O' ,10X, 'CHARACTERISTIC  S I ZE S 10X SUMMARY  OF  STATISTICAL 
1  MEASURES  BASED  ON  PHI  VALUES') 

WPITFI IP, 759) 

759  FORMAT!'  ',10X,'SIZE  PHI  B- A XI S • , 3 8 X , • PH  I  (B-AXIS)'I 
WPITEI IP»76C)AS,ASB,SM,SM8 

760  FORMAT  I  •  • , 9X , • M I N I  MUM • , F6 . 2 , F 8 . 0 , 1 5 X,  ' AR I THMET I C  MEAN  =',F7.2, 

1  '  I  '  , F5.  I ,  '  )  '  ) 

WPITEI  IP, 761  )PHIU(2),BAXIS(2),PHIU(6),PAXIS(6) 

761  FORMAT!'  • , 1 1 X , • B 1 0 • , F 8 . 2 , F B. 0 , 1 5 X , • ME D I  AN  (B50)  =',F7.2,'  ( 

1  '  ,  F  5  .  1  ,  '  )  •  ) 

WPITEI  IP, 76?  )PHIU(3)»BAXIS( 3)»0M0DE, CMOOEB 
76?  FORMAT!'  •  ,  1  1 X , • B 1 6 • , F 8 . 2 , F 8 . 0 , 1 5 X ,  • MODE  =',F7.2,'  ( 

l',F5.l,'  )•) 

WPITEI  IP, 763)PHIU(4),PAXIS(4),SS0  ,SSCB 
763  FORMAT!'  '  ,  1 1 X , • B? 5 • , F 8 . 2 , F 8 . 0 , 1 5 X , • ST ANDARD  DEVIATION  =',F7.2,'  I 
1  ?**PHI=' ,F6.2, '  )') 

WPITEI IP,764)PHIU(5),BAXIS<5),GRADP,GRADPB 
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=*,F7.2,*  ( 


=',F7.2) 
«• ,F7.2) 


764  FORMAT ( •  • , 1 IX . • 83 5 ' , F8. 2 ,F0 . 0 , 1 5X, • (PH l 84  -  PHI16J/2 
1  2  **PH I  =  ' , F6 . 2 ,  '  )•) 

WPITE! IP,765)PHIU(6),BAXIS(6),UC0SK 

765  FORMAT ( •  • , 1 1 X , • B50 • , F 8 . 2 , F 8 . 0 , 1 5 X , • COE F .  OF  SKEWNESS 
W  P  I  T  F  (  IP,  7  66  )PHIU(7),BAXIS(7)  .UCOKU 

766  FORMAT ( '  •  ,  1  1  X , • 86 5  •  , F 8 . 2 , F 8 . 0 , 1 5 X , • COEF .  OF  KURTOSIS 
WPITE( IP, 767 ) PH IU ( 8)»BAXIS(8) 

767  FORMAT ( •  •  ,  1 1 X  ,  •  87 5 • , F 8 . 2 , F 8 . 0 ) 

WRITEUP, 768)  PH  IUI9),  BA  XIS(9) 

768  FORMAT ( '  • ,  1 1 X  ,  • 884  •  , F 8 . 2 , F 8. 0 , l OX, • GRAOAT ION  COEF.  BASED  ON  B-AXI 
IS  •  ) 

WPITEC IP,769)PHIU( 10) ,BAXI S( 10) .TRASK 

769  FORM  AT  (  •  •  ,  1 1 X ,  •  890  •  ,  F  8 . 2  ♦  F  8 . 0 , 1 5  X ,  •  TR  A  SK  SORTING  COEF.  =',F5.2 
l ) 

WRITE (IP, 770)AL,AL8, SIGMA 

770  FORMAT ( '  • , 9X , • MAX  I  MUM • , F6 . 2 . F 8 . 0 , 15 X,  • GR ADA T  ION  COEF. (SIGMA!  =  ',F 
15.2! 

WP I T  E ( IP, 801  ) 

801  F0RMAT('0',9X, 'SUMMARY  OF  DATA  BY  CLASS  BOUNDS  WHERE  BOUNOS  ARE  IN 
1  MILLIMETERS'/) 

I  F ( ICF.GT.8)  GO  TO  777 
WPITE( IP, 803) (CMML(K) ,K=1, ICF) 

803  FORMAT ( •  •  , 9 X ,  •  CL A S S-LB • , F7 . 1 , 7F 10. I ) 

WPITE( IP, 802) (CMMU(K) »K=1,ICF) 

802  FORMAT ( '  •  , 9X  ,  • CL ASS-UB  •  , F7. 1 , 7F 10. 1 ) 

WRITE(  IP,  8  04  HNCUB(K)  ,K=1,ICF) 

804  FORMAT!'  *,9X,'N0  IN  CL', 17, 7110) 

WP I TE ( IP,  8 05  ) (NCUM(K) ,K  =  l,ICF) 

805  FORMAT ( '  ',9X,'N0  LE  UB', 17,7110) 

WRITE ( IP, 806 ) (CPF(K)»K-2, ICFF) 

806  FORMAT ( '  ',9X,»  %  LE  UB • , F 7 . 1 , 7F 1 0. I ) 

GO  TO  561 

777  WRITE!  IP.803  )(CMML(K) ,K»1, 8) 

WRITE!  IP,  8 02  )(CMMU< K) ,K=l,8) 

WPITE(IP,804)( NCUB ( K ) ,K*1,8) 

WP  I  TF  (  I  P  ,  805  )  (  N'CUM  (  K  )  ,K  =  l,8) 

WRITE! IP, 806 ) ( CPF ( K ) ,K=2,9) 

WRITEUP, 807)(CMML(K),K=9, ICF) 

807  FORMAT! 'O' ,9X, 'CLASS-LB' ,F7.1,7F10.l) 

WFITE(IP,802 ) !CMMU( K) ,K=9, ICF) 

WRITE  !  IP, 804  )( NCUB(K ) ,K  =  9, ICF ) 

WPITE(IP,e05)( NCUM( K ) ,K=9, ICF ) 

WPITF( IP, 806) (CPF(K)»K=10» ICFF) 

GC  TO  561 

503  WRITE! IP, 507) 

507  FORMAT ( ' 1' ) 

GO  TO  504 

504  STOP 
END 
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SUBROUTINE  P E ADD ( D , NT , NAME  1 , NAME  2 , N AME3 , NS AMP, IENDT) 

C  READD  =  A  SUBROUTINE  TO  READ  IN  THE  DATA  FOR  AN  INDIVIDUAL  SAMPLE. 

CD*  VFCTCR  CONTAINING  THE  VALUES  OF  THE  B-AXES  OF  THE  ROCKS 
C  IN  THE  SAMPLE  OR  GROUPED  SAMPLES. 

C  NT  THE  TOTAL  NUMBER  OF  B-AXES  IN  THE  SAMPLE  OR  GROUPED 

C  SAMPLES. 

C  NAME  1 ,  NAME2,  NAME3  CONTAIN  THE  IDENTIFICATION  OF  THE  SAMPLE(S). 

C  NSAMP  =  THE  NUMBER  OF  INDIVIDUAL  SAMPLES  GROUPED  TO  FORM  ONE 

C  SAMPLE  FOR  ANALYSIS.  (  THIS  MAY  BE  ONE  1 

C  IENDT  =  CODE  TO  DETERMINE  IF  ALL  ANALYSIS  IN  THE  RUN  HAVE  BE 

C  CARRIED  OUT. 

C 

C  DATA  CARDS  MUST  BE  SET  UP  AS  FOLLOWS 

C  1.  FIRST  DATA  SET  (  MAY  CONSIST  OF  FROM  1  TO  5  SAMPLES,  TOTAL  NUMBER 

C  OF  VALUES  IN  SET  NOT  TO  EXCEED  255;  THAT  IS  15  CAROS  OF  DATA) 

C  2.  BLANK  CARD 

C  3.  SECOND  DATA  SET 

C  LAST  CARD  -1  BLANK 

C  LAST  CARD  PLANK 

DIMENSION  D( 280) »NAME1(6)»NAME2( 6) »NAME3(6) 

I  R  =  5 
I  P  =  6 
I ENDT=0 

RE  AD ( I R, 70  0) <01  I) ,1*1,17) , NAMEl ( 1 ) , NAME  2 ( 1 ) ,NAME3< 1 ) 

7C0  FORMAT < 17F4.0.3A4) 

IF IC( 1). EC.O.O)  GO  TO  27 
I  N  =  2 

I NI = I N— 1 
I  B=  1 8 
I  E=  34 
NS  AMP* 1 

6  READ ( I R, 700) (D( I ) , I  =  I B , I E > , NAME  1 ( IN  1 , N AME2 C  IN) .NAME 3 < IN) 

I F  C  D ( IB) .EO.O.O)  GO  TO  7 

IFINAMEII  IN) .E0.NAME1I I N I ) . AND . N A ME2 ( I N ) . EQ . NAM E 2 1  INI ) .AND.NAME3I I 
IN).E0.NAME3(  INI ) )  GO  TO  5 
IN=IN+1 
I N  I  *  I N I  ♦  1 
N  S AMP=NS AM  P* 1 
5  IP=IB*17 
I  E=  I  E  ♦  1 7 
GO  TO  6 

7  I N= I N-l 

C  DETERMINE  TOTAL  SAMPLE  SIZE 

I  T  =  I  E —  1 
1  =  1 

17  I F ( D ( I ). EO.O.O)  GO  TO  21 

GO  TO  8 

21  I F ( I.EQ.IE)  GC  TO  23 
CO  9  J= I ,  IT 
D( J)=D< J  +  l  ) 

9  CONTINUE 
I E= I E-l 
I  T=  I  T—  1 
1*1-1 

8  I F  < I.EO. IE)  GO  TO  24 


* 


' 


G  COMPILER 


READD 


06-30-71 


21:17.38 


PAGE  0002 


1  =  1 

♦  1 

GO 

TO 

17 

23 

NT= 

I  E- 

1 

GO 

TO 

25 

24 

N  T  = 

IE 

25 

IENDT= 

0 

GO 

TO 

15 

27 

IENOT= 

1 

15 

RETURN 

ENO 
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SUBROUTINE  FLASIX.NT.AL.ASI 

FLAS  =  SUBROUT I NE  TO  DETERMINE  THE  LARGEST  AND  SMALLEST  VALUES 
IN  A  VECTOR. 

X  =  INPUT  VECTOR  CF  LENGTH  NT. 

NT  =  LENGTH  OF  VECTOR  X 

AL  =  THE  LARGEST  VALUE  IN  THE  VECTOR  X. 

AS  =  THE  SMALLEST  VALUE  IN  THE  VECTOR  X. 

DIMENSION  X ( 280 ) 

AL=X(1) 

J=  1 

IF(NT.EO.l)  GO  TO  7 
DC  6  1=2. NT 

I F ( X ( II.LE.AL)  GO  TO  6 
AL  =  X ( 1 1 
J=I 

6  CONTINUE 
As=xm 
j=i 

IF(NT.EQ.l)  GO  TO  7 
DC  8  1=2, NT 
I  F  C  X I  II.GE.AS)  GO  TO  8 
A S=  X (  I  ) 

J=I 

8  CONTINUE 

7  RETURN 
END 
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SUBROUTINE  ST A  TP ( X , NDATA , VME AN ,U STDE V , UCOV , UCOS K ,UCOKU ) 

C  ST  ATP  =  SUBROUTINE  TO  COMPUTE  SOME  COMMON  STATISTICAL  PARAMETERS. 

C  X  INPUT  VECTOR  CF  LENGTH  NOATA. 

C  NCATA  =  THE  LENGTH  OF  THE  INPUT  VECTOR  X 


c 

VME  AN  =  MEAN 

OF 

THE 

VALUES  IN 

THE 

INPUT  VECTOR  X 

• 

c 

U?TDEV=  THE 

UNB 

IASED 

ESTIMATE 

OF 

THE 

STANDARD  DEV  I  A 

TION. 

c 

UCOV  =  THE 

UNB 

I A  S  ED 

ESTIMATE 

OF 

THE 

COEFFICIENT 

OF 

VARIATION 

c 

UCOSK  =  THE 

UNB 

IASED 

ESTIMATE 

OF 

THE 

COEFFICIENT 

OF 

SKEWNESS. 

c 

c 

UC  OKU  =  THE 

UNB 

IASED 

ESTIMATE 

OF 

THE 

COEFFICIENT 

OF 

KURTOSIS. 

L 

DIMENSION  X( 

280 

I 

VM 1 P=0. 0 
VM2P=0.0 
VM3P=0. 0 
VM4P=0. 0 
DO  1  1=1, NCATA 

V  M  1  P=  X (  I ) -t-VMlP 
VM2P=X ( I ) **2*VM2P 
VM3P=X( I ) **3*VM3P 

V  M4  P=  X ( I ) +  *4  +  VM4P 
1  CONTINUE 

DN  =  NO AT  A 
VM 1 P=VM1 P/DN 
VM2P=V M2P/0N 
VM3P=VM3P/0N 
VM4P= VM4P/CN 
VM2=VM2P-VM1P**2 

VM3= VM3P-3.0*VM1P*VM2P+2.0*VMIP**3 

VM4=VM4P-4.0*VM1P*VM3P+6.0*VM1P**2*VM2P-3.0*VM1P**4 

V  M E AN= VM 1 P 

C  IF  THERE  IS  AN  'U*  BEFORE  A  NAME  IT  IS  AN  UNBIASEO  ESTIMATE. 

V AR=  VM2 

UVAR=DN/( CN— 1 .0 ) *VM2 
STDE V=SORT ( ABS<  VAR  )  ) 

U S TOE V= SORT! ABSIUVARI  I 
CCV=STDEV/VMEAN 
UCOV=USTDEV/VMEAN 
CCSK=VM3/VM2**1.5 

UCOSK=(DN*ON/( ( DN-1 .0  )*(DN-2.0) >  ) +VM3/UVAR**  1 . 5 
CCKU=VM4/VM2**2 

UCOKU=(DN+DN*DN/{ ( ON- 1 . 0  I  *  I DN-2 . 0 ) * ( DN- 3 . 0 )  ) ) * VM4/UVAR**2 

RETURN 

END 

jRY  REQUIREMENTS  000466  BYTES 
35  RC=0 
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APPENDIX  F 


COMPARISON  OF  BED  MATERIAL  SAMPLING  PROCEDURES 
F. 1  Purpose 

In  CHAPTER  3,  a  simple  geometrical  model  was  used  to  show  that 
the  grid-by-number  procedure  is  the  most  acceptable  manner  in  which 
to  analyse  a  gravel  surface,  since  it  is  equivalent  to  a  customary 
bulk  sieve  analysis  of  the  surface  population.  Consequently,  the 
gri d-by-number  procedure  was  adapted  as  the  basic  form  of  presentation 
for  this  study. 

In  order  to  provide  a  means  of  adjusting  currently  available 
grid-by-number  from  photograph  data,  and  customary  bulk  sieve 
analysis  data  to  grid-by-number  data,  a  field  program  was  designed 
to  obtain  the  three  types  of  data  from  the  same  gravel  bar  at  several 
different  river  reaches.  This  appendix  establishes  the  relations 
between  these  three  equivalent  types  of  analyses. 

F. 2  The  Data 

The  following  data  were  obtained  at  a  gravel  bar: 

1.  One  or  two  line  grid  samples  of  (50). 

2.  One  or  two  grid  photographs  along  the  first  line  grid  sample 
of  (50). 

3.  One  volumetric  sample  (including  both  surface  and  subsurface 
material)  from  under  one  of  the  grid  photographs. 

All  samples  were  obtained  and  analysed  according  to  the  detailed 

procedure  given  in  APPENDIX  D.  The  volumetric  sample  was  passed 

through  an  8  mm.  square  mesh  sieve,  and  the  grain  size  analysis  was 

carried  out  on  the  coarser  fraction.  Since  very  little  material 


F2 

finer  than  8  mm.  was  present  on  the  gravel  surface,  it  was  assumed  that 
if  all  the  finer  material  was  removed  from  the  volumetric  sample,  the 
surface  and  subsurface  sample  would  approximate  the  surface  population. 
This  assumption  does  not  seem  to  be  unreasonable  unless  the  gravel 
surface  is  highly  armored.  (An  armored  surface  consists  of  "lag" 
material  which  is  obviously  larger  than  the  coarser  material  under 
the  surface  layer.) 

All  data  for  this  analysis  are  presented  in  TABLE  F.l.  Each 
entry  in  the  table  is  identified  by  a  reach  number,  year  and  sample 
number.  All  data  were  obtained  by  the  author  during  the  summer  of 
1970,  except  at  reach  numbers  77  to  84.  These  samples  were  obtained 
by  R.  McGinn,  Department  of  Geography,  University  of  Alberta  in  1970. 

Only  the  B90,  B65,  and  B50  sizes  are  used,  since  the  finer  sizes 
seldom  enter  into  the  standard  equations  related  to  river  engineering. 
Another  reason  for  using  the  B90,  B65,  and  B50  sizes  was  that  some  of 
the  bed  material  data  obtained  prior  to  1970  were  only  described  by 
these  three  sizes  [Van  der  Giessen  (1966)].  If  necessary,  the  B35 
size  may  be  closely  approximated  by  assuming  that  the  grain  size  curve 
is  linear  between  the  B65  and  the  B35  sizes  when  plotted  on  semi-log 
paper.  Using  this  assumption  the  resulting  estimate  for  the  B35  size 
is  as  follows: 

B35  =  B502/B65  EQUATION  F.l 

It  is  apparent  from  TABLE  F.l  that  the  three  types  of  samples 
were  not  always  obtained  for  each  site  presented  in  the  table.  Normally, 
a  volumetric  sample  was  not  taken  in  the  field  if  the  larger  material 


SUMMARY  OF  BED  MATERIAL  DATA  USED  TO  DETERMINE  RELATIONS  BETWEEN 
DIFFERENT  METHODS 
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had  a  b-axis  greater  than  150  mm. 

F. 3  The  Analysis 

The  analysis  was  carried  out  for  the  following  four  cases  using 
the  data  presented  in  TABLE  F.l. 

1.  Comparisons  between  grid-by-number  analysis  and  grid-by-number 
from  photograph  analysis. 

2.  Comparisons  between  grid-by-number  analysis  and  bulk  sieve 
analysi s . 

3.  Comparisons  between  bulk  sieve  analysis  and  gri d-by-number  from 
photograph  analysis. 

4.  Comparison  of  grid-by-number  samples  of  50  and  100. 

Only  those  samples  with  the  b-axis  less  than  512  mm.  (9  phi  units) 
were  considered  in  any  analysis.  This  criterion  resulted  in  the 
rejection  of  one  B90  size  for  a  grid-by-number  analysis  (sequence 
#10,  reach  #19). 

In  the  first  three  cases,  a  standard  simple  linear  regression 
analysis  (of  the  form  Y  =  a  +  bX)  was  carried  out  between  a  stated 
dependent  and  independent  variable.  In  addition  a  regression 
analysis  (of  the  form  Y  =  bX)  was  also  carried  out  for  each  case  by 
forcing  the  regression  line  to  pass  through  the  origin.  A  computer 
program  was  written  to  summarize  the  analyses  and  to  plot  the  resulting 
graphical  relations. 

F.3.1  Grid-by-Number  Sizes  Estimated  from  Grid-by-Number  from 
Photograph  Sizes 

The  results  summarized  in  TABLE  F.2  indicate  that  the 
grid-by-number  sizes  are  approximately  20  to  40  percent  larger 
than  the  grid-by-number  from  photograph  sizes  for  each  of  the 


?  $  i 


SUMMARY  OF  RELATIONS  FOR  THE  ESTIMATION  OF  GRID-BY-NUMBER  SIZES  FROM  PHOTOGRAPH  SIZES 
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relations.  All  data  points  used  to  obtain  the  relations  between 
the  characteristic  sizes  are  presented  in  FIGURE  F.l  for  the  simple 
linear  regression  (of  the  form  Y  =  a  +  bX).  The  regression  line  and 
the  95  percent  confidence  limits  are  also  presented  in  this  figure. 

According  to  the  simple  cube  model  developed  by  Kellerhals  and 
Bray  (1971)  the  results  for  these  two  methods  should  be  the  same. 

The  reasons  for  the  differences  are: 

1.  The  actual  b-axis  was  measured  in  the  grid-by-number  analysis, 
but  the  smallest  visible  axis  was  measured  in  the  grid-by¬ 
number  from  photograph  analysis.  If  the  rock  measured  from 
the  photograph  was  tilted  or  embricated,  then  the  b-axis  would 
be  foreshortened. 

2.  In  some  cases  a  stone  in  the  photograph  might  be  partially 
obscured  agd,  consequently,  a  smaller  b-axis  would  be  measured. 

The  three  regression  lines  (of  the  form  Y  =  a  +  bX)  show 

significant  differences  in  slope  at  the  five  percent  level.  There¬ 
of 

fore,  it  is  not  possible  to  use  only^equation  for  the  adjustment  of 
all  characteristic  sizes.  The  slope  of  the  regression  line  becomes 
closer  to  1.00  as  the  characteristic  size  becomes  closer  to  the  B50 
size.  This  suggests  that  the  amount  of  tilting  of  the  stones  in 
the  photograph  may  be  primarily  associated  with  the  larger  sizes. 

F.3.2  Gri d-by-Number  Sizes  Estimated  from  Sieve  Analysis  Sizes 
A  summary  of  the  results  of  the  analysis  are  presented  in 
TABLE  F.3.  The  slope  of  the  regression  line  is  quite  close  to  one 
in  each  case.  The  result  for  the  B50  size  is  almost  a  one-to-one 
relation.  The  regression  line  and  the  95  percent  confidence  limits 
for  the  three  relations  (of  the  form  Y  =  a  +  bx)  are  presented  in 


CBN  (50)  MM.  GBN  ( 50)  MM. 
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NOTES: 


GBN ( 50 ) :  Characteristic  size  obtained  by 

grid-by-number  analysis  using  a 
sample  of  50 

GBNP ( 50 ) :  Characteristic  size  obtained  by 
grid-by-number  from  photograph 
analysis  using  a  sample  of  50 

Middle  straight  line  Is  the  linear  regression 
line. 

Upper  and  lower  curves  are  951  confidence 
limits  for  regression  line. 


FIGURE  F. 1  ESTIMATION  OF  GRID-BY-NUMBER  SIZES  FROM  GRID-BY-NUMBER 
PHOTOGRAPH  SIZES 


SUMMARY  OF  RELATIONS  FOR  THE  ESTIMATION  OF  GRID-BY-NUMBER  SIZES  FROM  SIZES  OBTAINED 
FROM  A  BULK  SIEVE  ANALYSIS  OF  MATERIAL  GREATER  THAN  8  MM. 
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(for  material  greater  than  8  mm.) 

Values  in  brackets  are  95%  confidence  limits  assuming  a  normal  distribution. 
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FIGURE  F.2.  Perhaps  a  slightly  better  relation  could  be  obtained  if 
the  volumetric  sample  was  separated  on  a  sieve  size  slightly  larger 
than  the  8  mm.  sieve.  For  convenience,  however,  it  is  recommended 
that  the  8  mm.  sieve  be  used  to  separate  the  volumetric  sample. 

The  cube  model  referred  to  earlier  in  this  appendix  should 
not  apply  unless  the  volumetric  sample  consists  of  a  population 
similar  to  that  of  the  surface  material.  If  this  condition  is  satisfied, 
the  results  from  the  grid-by-number  and  the  sieve  analysis  should  be 
"equivalent".  Since  the  slope  of  the  regression  line  is  close  to 
one,  it  is  concluded  that  a  volumetric  sample  with  the  material 
finer  than  8  mm.  removed,  is  essentially  of  the  same  population  as 
the  surface  material.  Of  course,  this  would  not  apply  in  cases  where 
the  surface  is  obviously  armored.  The  presence  of  platy  material 
would  also  result  in  some  bias,  since  the  sieve  size  and  the  b-axis 
deviate  the  most  for  this  type  of  material. 

Part  of  the  random  scatter  may  be  explained  by  the  fact  that 
the  volumetric  sample  for  sieving  is  from  a  relatively  small  portion 
of  the  exposed  gravel  bar  in  comparison  with  that  of  the  line  grid. 

This  aspect  of  the  sampling  problem  may  be  studied  by  taking  several 
volumetric  samples  along  a  line  grid  on  a  bar. 

For  practical  purposes,  the  three  equations  presented  in  TABLE  F.3 
for  the  simple  linear  regression  (of  the  form  Y  =  a  +  bX),  may  be 
expressed  in  terms  of  the  approximate  average  line: 

Bi(GBN)  =  5.0  +  1.00  Di (S)  EQUATION  F.2 

where:  Bi(GBN)  =  the  characteristic  size  of  grid-by-number  for  i 

between  50  and  90. 
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GBN  (50)  MM.  GBN  (50)  MM. 
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NOTES: 


GBN(SO) :  Characteristic  site  obtained 

by  grid-by-number  analysis 
using  a  sample  of  50 

Sieve  GT.  8  mn.:  Characteristic  size  obtained 
by  sieve  analysis  of  material 
GT.  8  mn.  Volumetric  sample 
Included  surface  and  subsurface 

materl  *1, 

Middle  straight  line  Is  linear  regression  line. 

Upper  and  lower  curves  are  95t  confidence 
limits  for  the  regression  line. 


FIGURE  F. 2 


ESTIMATION  OF  GRID-BY-NUMBER  SIZES  FROM  SIEVE  ANALYSIS 
SIZES  FOR  MATERIAL  GREATER  THAN  8  MM. 


Di(S)  =  the  characteristic  size  of  the  sieve  analysis  of 
the  material  greater  than  8  mm.  for  the  same  i  as 
used  for  Bi (GBN) . 

If  the  results  of  the  simple  linear  regression  (of  the  form 
V  =  bX )  are  used,  the  approximate  average  relation  may  be  expressed 
as : 

Bi (GBN)  =  1.1  Di (S)  EQUATION  F.3 

EQUATIONS  F.2  and  F.3  are  quite  similar  over  the  range  of  data  used 
to  obtain  the  relations. 

The  maximum  value  of  D90  was  195  mm.  and  the  minimum  value  of 
D50  was  16  mm.  for  the  bulk  sieve  analyses  used  in  this  study.  The 
sieve  analysis  should  be  based  on  a  volumetric  sample  at  least  as 
large  as  that  recommended  in  APPENDIX  D. 

F.3. 3  Sieve  Analysis  Sizes  Estimated  from  Grid-by-Number  from 
Photograph  Sizes 

Since  the  basic  data  were  available,  an  additional  set  of 
linear  equations  were  established  to  determine  the  relation  between 
the  sieve  analysis  sizes  for  material  greater  than  8  mm.  and  the 
grid-by-number  from  photograph  sizes.  Twenty-nine  data  points  were 
used  in  the  analysis.  A  summary  of  the  results  of  the  analysis  is 
presented  in  TABLE  F.4. 

The  relations  indicate  that  the  characteristic  sizes  for  the  sieve 
analysis  are  about  10  percent  greater  than  the  grid-by-number  from 
photograph.  The  reasons  for  this  difference  are  primarily  due  to  the 
tilting  of  rocks  in  the  grid  photograph  analysis. 
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SUMMARY  OF  RELATIONS  FOR  THE  ESTIMATION  OF  SIZES  OBTAINED  FROM  A  BULK  SIEVE  ANALYSIS  OF 
MATERIAL  GREATER  THAN  8  MM.  FROM  GRID-BY-NUMBER  FROM  PHOTOGRAPH  SIZES 
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The  scatter  is  smaller  than  in  the  case  of  the  grid-by-number 
analysis,  since  one  of  the  grid  photograph  samples  was  obtained 
from  the  same  locality  as  the  volumetric  sample  for  the  sieve  analysis. 
All  data  points  used  to  obtain  the  relations  are  presented  in 
FIGURE  F.3  along  with  the  computed  regression  lines. 

F.3.4  Comparison  of  Grid-by-Number  Analysis  of  50  and  100 

In  all  of  the  grid-by-number  analyses  up  to  this  point,  a 
sample  size  of  50  has  been  used.  A  sample  size  of  50  was  chosen  as 
a  convenient  module  for  the  field  data  obtained  in  1970  for  this 
study.  To  justify  the  sample  size  of  50,  two  line  grid  samples  of 
50  were  taken  within  a  few  feet  of  one  another  on  the  same  gravel 
bar. 


A  program  was  written  to  test  the  ratio  of  the  variances  and 
the  difference  of  the  means  of  two  samples  of  50.  Since  the  "F" 
test  and  the  "t"  test  are  based  on  samples  from  the  normal  distri¬ 
bution,  the  b-axes  were  transformed  to  the  equivalent  "phi"  sizes. 
Many  of  the  individual  sample  analyses  of  50  based  on  "phi"  units 
indicated  that  the  distribution  was  approximately  normal,  since  the 
coefficient  of  skewness  was  nearly  zero  and  the  coefficient  of 
kurtosis  was  nearly  three.  The  standard  deviation  for  a  log-normal 
distribution  was  also  close  to  the  unbiased  estimate  of  the  standard 
deviation  computed  from  the  sample.  No  further  detailed  tests  of 
normality  were  carried  out. 


The  ratio  of  the  variances  were  tested  at  the  5 %  and  ]%  levels 


< 


Sieve  GT.8MM.  Sieve  GT8MM. 


NOTES: 


Sieve  GT.  8  mm.:  Characteristic  size  obtained 
by  sieve  analysis  of  material 
GT.  8  mm.  Volumetric  sample 
Included  surface  and  subsur¬ 
face  material 

GBNP  (50):  Characteristic  size  obtained 

by  grid-by-number  from  photo¬ 
graph  analysis  using  a  sample 
of  50. 

Hlddle  straight  line  Is  linear  regression  line 

Upper  and  lower  curves  are  951  confidence 
limits  for  regression  line 


FIGURE  F. 3  ESTIMATION  OF  SIEVE  ANALYSIS  SIZES  FOR  MATERIAL  GREATER 
THAN  8  MM.  FROM  GRID-BY-NUMBER  FROM  PHOTOGRAPH  SIZES 
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and  the  difference  of  the  means  were  tested  at  the  same  levels.  A 
sample  print-out  of  one  such  analysis  is  presented  in  FIGURE  F.4. 

Thirty-one  pairs  of  samples  obtained  from  18  different  river 
reaches  were  tested  in  this  manner.  In  all  cases  the  ratio  of  the 
variances  between  the  two  samples  was  not  significantly  different 
from  1.00  at  the  5  percent  level.  In  two  cases  the  means  differed 
significantly  at  the  5  percent  level,  but  in  no  cases  were  they 
significantly  different  at  the  1  percent  level.  For  one  of  the 
cases  where  the  difference  of  the  means  was  significant,  the  sample 
was  obtained  at  a  site  (Belly  River  near  Mountain  View  #100)  where 
the  gravel  was  large  (up  to  495  mm.). 

At  one  large  bar  in  the  North  Saskatchewan  River  at  Edmonton, 
four  samples  of  50  were  taken  along  four  line  grids,  displaced  about 
two  feet  from  each  other.  A  summary  of  the  results  of  the  grid-by¬ 
number  analyses  is  presented  in  TABLE  F.5. 

These  results  give  an  indication  of  the  type  of  variability  of 
the  characteristic  sizes  that  may  be  expected  at  a  sampling  site. 

The  B50  and  B65  sizes  are  less  variable  than  the  B90  size,  indicating 
that  the  central  part  of  the  distribution  is  more  stable  than  that 
near  the  tails  of  the  distribution.  The  arithmetic  mean  of  the 
individual  samples  is  essentially  the  same  as  that  obtained  from  an 
analysis  of  a  pooled  sample,  or  the  geometric  mean  of  the  individual 
samples. 


From  this  rather  elementary  analysis,  it  is  concluded  that  a 
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S I GN I FICANCF  TESTS  FOR  DIFFERENCES  OF  MEANS  AND  RATIO  OF  VARIANCES 
FOR  TWO  BED-MATERIAL  SAMPLES  OBTAINED  BY  GP.  I  O-BY -NUMB  ER 


SAMPLE  H  2 0-70-N1 


SAMPLE  #  20-70-N2 


u 

O-AX  I  S 

PHI 

H 

B-AXIS 

PHI 

1 

71  . 

6.15 

Zb 

103. 

6.69 

2 

37. 

5.2  1 

27 

70. 

6.13 

3 

27. 

4.75 

28 

43. 

5.43 

4 

55. 

5.78 

29 

34. 

5.09 

5 

63. 

5.98 

30 

56. 

5.81 

6 

38. 

5.25 

31 

50. 

5.64 

7 

39. 

5.29 

32 

39. 

5.29 

8 

14. 

3.8  1 

33 

25. 

4.64 

9 

55. 

5.78 

34 

12. 

3.58 

10 

2  1  . 

4.39 

35 

59. 

5.88 

l  1 

63  . 

5.98 

36 

27. 

4.75 

12 

88. 

6.46 

37 

24. 

4.58 

13 

56. 

5.8  1 

38 

40. 

5.32 

14 

57. 

5.83 

39 

60. 

5.91 

15 

72  . 

6.17 

40 

71  . 

6.15 

16 

16. 

4.00 

41 

28. 

4.81 

17 

34  . 

5.09 

42 

66. 

6.04 

18 

34. 

5.09 

4  3 

67. 

6.07 

19 

29. 

4.86 

44 

73. 

6.19 

20 

48. 

5.58 

45 

20. 

4.32 

21 

13. 

3.70 

46 

23. 

4.52 

22 

54  . 

5.75 

47 

14. 

3.81 

23 

73. 

6. 19 

48 

69. 

6.11 

24 

47. 

5.55 

49 

17. 

4.09 

25 

31  . 

4.95 

50 

15. 

3.91 

MEAN  PHI  =  5.28 

ST. DEV  PHI  =  0.82 


n 

8-AX  I  S 

PH  I 

« 

B-A  X  I  S 

PHI 

l 

56. 

5.  81 

26 

35. 

5.13  j 

2 

57. 

5.  83 

27 

39. 

5.29 

3 

44. 

5.46 

28 

46. 

5.52 

4 

37. 

5.21 

29 

20. 

4.32 

5 

17. 

4.09 

30 

68. 

6.09 

6 

25. 

4.64 

31 

36. 

5.17 

7 

7  7. 

6.  27 

32 

65. 

6.02 

8 

104. 

6.  70 

33 

38. 

5.25 

9 

31. 

4.95 

34 

14. 

3.81 

10 

16. 

4.  00 

35 

68. 

6.09 

11 

70. 

6.13 

36 

71. 

6.15 

12 

33. 

5.04 

37 

15. 

3.91 

13 

40. 

5.32 

38 

42. 

5.39 

14 

54. 

5.  75 

39 

26. 

4.70 

15 

78. 

6.29 

40 

24. 

4.58 

16 

59. 

5.88 

41 

59. 

5.88 

17 

39. 

5.29 

42 

24. 

4.58 

18 

26. 

4.70 

43 

4  1 . 

5.36 

19 

40. 

5.  32 

44 

64. 

6.00 

20 

48. 

5.  58 

45 

60. 

5.91 

21 

85. 

6.41 

46 

41. 

5.36 

22 

53. 

5.73 

47 

22. 

4  *46 

23 

17. 

4.09 

48 

2  1. 

4.39 

24 

35. 

5.  13 

49 

30. 

4.91 

25 

14. 

3.81 

50 

22. 

4.46 

MEAN  PHI  =  5.24 
ST. DEV  PHI  =  0.75 


T  (COMPUTED!3  0.256  F(COMPUTED)=  1.182 

THE  DIFFERENCE  OF  THE  MEANS  DOES  NOT  DIFFER  SIGNIFICANTLY  AT  THE  5%  LEVEL 
TFE  DIFFERENCE  OF  THE  MEANS  DOFS  NOT  DIFFER  SIGNIFICANTLY  AT  THE  1?  LEVEL 
THE  RATIO  OF  THE  VARIANCES  DOES  NOT  DIFFER  SIGNIFICANTLY  FROM  l . 00  AT  THE  5%  LEVEL 
THE  RATIO  OF  THE  VARIANCES  DOES  NOT  DIFFER  SIGNIFICANTLY  FROM  1.00  AT  THE  1%  LEVEL 


NOTE:  1. 

2. 

3. 


ALL  TESTS  MADE  WITH  THE  ASSUMPTION  THAT  THE  DATA  ARE  DISTRIBUTED  AS  PHI-NORMAL 
UNITS  FOR  THE  B-AXIS  ARE  IN  MILLIMETERS 

PHI  VALUES  ARE  TAKEN  TO  BE  POSITIVE  FOR  GRAVEL  SIZE  MATERIAL. 


FIGURE  F. 4  EXAMPLE  OF  A  COMPUTER  PRINT-OUT  FOR  THE  COMPARISON  OF 
THE  VARIANCES  AND  THE  DIFFERENCE  OF  THE  MEANS  OF  TWO 
LINE  GRID  SAMPLES 


■ 
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TABLE  F.  5 


CHARACTERISTIC  SIZES  BASED  ON  GRID-BY-NUMBER  ANALYSIS  OF  FOUR 
SAMPLES  OBTAINED  FROM  A  GRAVEL  BAR  ON  THE  NORTH  SASKATCHEWAN 
RIVER  AT  EDMONTON  1 2 3 4 • 


Sample 
number(s ) 

Method 

Sample 

size 

B90 

mm. 

B65 

mm. 

B50 

mm. 

- 

37-70-N3 

Basi  c 

50 

81 

43 

33 

0.84 

37-70-N4 

Basic 

50 

74 

36 

29 

0.82 

37-70-N5 

Basi  c 

50 

51 

32 

25 

0.71 

37-70-N6 

Basi  c 

50 

102 

40 

30 

1.08 

37-70-N3 , 

Pooled 

100 

77 

39 

31 

0.90 

N4 

Arithmetic  mean 

78 

40 

31 

Geometric  mean 

78 

39 

31 

37-70-N3 , 

Pool ed 

150 

71 

37 

29 

0.84 

N4 ,  N5 

Arithmetic  mean 

69 

37 

29 

Geometric  mean 

67 

37 

29 

37-70-N3 , 

Pooled 

200 

76 

37 

29 

0.90 

N4 ,  N5 ,  N6 

Arithmetic  mean 

76 

38 

29 

Geometric  mean 

77 

37 

29 

1.  Each  of  the  four  samples  were  taken  on  a  line  grid  located  two  or 
three  feet  from  one  another. 

2.  a  is  the  measure  of  dispersion  defined  by: 

*  =  (PHI84  -  PHI  1 6 ) / 2 

3.  The  pooled  sample  is  formed  by  combining  the  basic  samples  of  50. 

4.  The  arithmetic  mean  is  the  arithmetic  mean  of  the  particular 
characteristi c  size  for  the  results  obtained  from  the  analysis 
of  the  basic  samples  of  50. 
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sample  of  50  is  adequate  for  practical  purposes.  If  time  is  avail¬ 
able,  a  sample  of  100  should  be  taken  in  the  field.  It  should  be 
noted  that  Wolman  (1954)  used  a  sample  size  of  60  and  Miller  (1958) 
used  a  sample  size  of  50  when  obtaining  a  line  grid  sample  from  a 
gravel  surface. 

As  a  visual  means  of  comparison,  the  three  characteristic  sizes 
were  plotted  for  sample  sizes  of  100  and  50  in  Figure  F.5.  In  all 
cases  the  data  points  fall  very  close  to  the  line  of  one-to-one 
correspondence.  No  regression  line  was  fitted  through  the  data 
points  since  the  two  samples  were  not  independent. 

It  is  apparent  that  more  work  should  be  carried  out  to 
rigorously  test  the  distribution  of  gravel  sizes  and  to  more 
adequately  determine  the  optimum  sample  size  required  to  define  the 
B90,  B65  and  B50  sizes. 


GBN  ( 100)  MM.  GBN  (100)  MM. 
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NOTES: 


GBN(IOO):  Characteristic  size  obtained  by 
grid-by-number  analysis  using  a 
sample  of  100 

GBN(SO) :  Characteristic  si2e  obtained  by 

grid-by-number  analysis  using  a 
sample  of  50 

The  line  shown  is  the  line  for  one-to-one 
correspondence. 


FIGURE  F. 5 


COMPARISON  OF  GRID-BY-NUMBER  SIZES  USING  SAMPLES  OF 
100  AND  OF  50 
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CODING  OF  THE  MAJOR  GEOMORPHIC  AND  PHYSIOGRAPHIC  CHARACTERISTICS 
OF  A  RIVER  REACH 

G.  1  Introducti on 

The  system  of  numeric  codes  described  in  this  appendix  was 
developed  to  permit  the  stratification  of  river  data  on  the  basis  of 
geomorphic  and  physiographic  factors.  The  coding  system  can  also  be 
used  as  a  check  list  for  preliminary  river  surveys.  The  length  of 
river  which  can  be  considered  a  "reach"  for  the  present  codes  is 
variable.  The  main  criterion  is  that  the  reach  should  be  geomor- 
phologically  homogeneous.  Non-homogeneous  reaches  should  be  divided 
into  homogeneous  elements  for  separate  coding. 


The  general  principles  on  which  the  coding  system  is  based  are 
as  follows: 

1.  The  coding  proceeds  from  a  broad  view  of  the  general  setting 

of  the  reach  to  a  relatively  detailed  description  of  the  channel 
banks  and  bed; 

2.  The  codes  are  based  on  data  that  may  be  obtained  from  maps, 
air  photos  and  from  field  surveys; 

3.  The  codes  incorporate  relatively  standard  terminology; 

4.  The  codes  are  quantitatively  defined  wherever  possible; 

5.  The  range  of  codes  for  any  specific  classification  is  as  small 
as  possible; 

6.  The  codes  are  supplemented  by  comments  in  situations  that  are  not 
readily  described  numerically.  The  extent  to  which  the  coded 
features  are  typical  for  the  particular  river  is  also  noted  in 
comments ; 

7.  Multiple  codes  are  used  in  cases  where  one  code  is  not  adequate. 
Multiple  codes  are  arranged  in  decreasing  order  of  dominance 

or  importance. 
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Many  of  the  codes  are  open  to  subjective  and  inconsistent 
application.  For  example,  the  channel  patterns  "irregular"  and 
"irregular  meanders"  may  be  difficult  to  separate  consistently; 
however,  no  matter  which  code  is  selected,  the  reach  is  definitely 
different  from  those  classified  as  "straight",  or  "tortuous". 

The  major  headings  used  for  the  coding  are  as  follows: 

1.  General  description  of  the  terrain  in  the  vicinity  of  the 
surveyed  reach  above  valley. 

2.  Valley  characteristics  above  valley  flat. 

3.  Terraces. 

4.  Relation  of  channel  to  valley. 

5.  Description  of  valley  flat. 

6.  Description  of  channel. 

7.  Lateral  channel  activity. 

8.  Channel  banks  and  bed. 

9.  Bed  rock  below  channel. 

In  the  following  section  the  codes  are  outlined  in  detail. 
Examples  are  provided  in  cases  where  the  code  may  be  difficult  to 
interpret.  In  all  codes  a  "-1"  is  used  to  mean  "unknown",  and  a 
"blank"  or  a  "0"  means  that  the  code  is  not  applicable. 

Special  coding  sheets  GE0G1  and  GE0G2  shown  in  FIGURE  G.l  and 
G.2  have  been  constructed  to  facilitate  the  coding  of  a  river  reach. 
The  codes  presented  in  this  appendix  have  been  developed  jointly  by 
the  writer  and  Dr.  R.  Kellerhals,  Department  of  Civil  Engineering, 
University  of  Alberta. 
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RESEARCH  COUNCIL  OF  ALBERTA 
HIGHWAY  AND  RIVER  ENGINEERING  DIVISION 
UNIVERSITY  OF  ALBERTA 
DEPARTMENT  OF  CIVIL  ENGINEERING 


RIVER  DATA  SHEET  No.  Geos.  1/71 


Reach  Name: 


Scale  of  Air  Photos : 


GEOGRAPHIC  FEATURES 

Reach  No: _  Date  of  Analysis: _ 

_  Scale  of  Map: 


Analysis  By: 


NOTE :  Complete  codes  by  circling  the  appropriate  number(s).  Use  ''-1“  for  "unknown"  and  ”0"  for  "not  applicable". 


General  Description  of  the  Terrain  in  the  Vicinity  of  the  Surveyed  Reach,  above  Valley 


Terrain: 

1  mountainous 

2  foothills 

3  uplands 
A  hills 

5  plains 

6  lowlands 


Vegetation: 

000  not  applicable 
1  1  1  almost  none 
222  grass 
333  shrubs 

A  A  4  sparsely  forested,  0-25% 
555  moderately  forested,  25-75% 
666  heavily  forested,  75-100% 
777  swamp  or  muskeg 


Forest  type: 

000  not 

applicable 
1  1  1  deciduous 

222  coniferous 


Comments: 


Land  use: 

0  0  no  cultivation  or 
built-up  area 

1  1  partly  cultivated 

2  2  mainly  cultivated 

3  3  partly  built-up 

4  4  urbanized 


Surflcial  geology: 

1  1  1  bedrock 

222  ground  moraine 
333  hummocky  moraine 
444  lacustrine  deposits 
555  glaclo-fluvial  dep. 
666  fluvial  deposits 
777  aeolian  deposits 


Valley  Characteristics  above  Valley  Flat 


Valley  measurements: 

_ wi thin  reach 

_ wi thin  reach  and 

immediate  vicinity 

depth:  _ ft. 

top  widtn: _ ml . 

bottom  width”:  _  mi. 


Slumping  of  valley  walls: 

0  none 

1  occasional 

2  frequent 

Length  of  reach  with  slumping  valley  walls 
(contact  length  in  percent  of  total  length 
of  banks): _ 


Vegetation  on  valley  wall: 
0  0  not  applicable 

1  1  almost  none 

2  2  grass 

3  3  shrubs 

4  4  sparsely  forested 

5  5  moderately  forested 

6  6  heavily  forested 

7  7  swamp  or  muskeg 


Forest  type  on  valley  wall: 
0  0  not  applicable 

1  1  deciduous 

2  2  coniferous 

Comments : _ 


Terraces 

Terrace  presence: 

0  none  2  fragmentary 

1  indefinite  3  continuous 


Number  of  levels: 


0  not  applicable 

2  two  levels 

9  several  levels 

1  one  level 

levels 

Comments  (In  particular  land  use  and  vegetation): 


Relation  of  Channel  to  Valley 

Valley  type: 

0  not  appl icable 

1  stream  cut  valley 

2  stream  cut  valley  In  wide  valley 

3  wide  mountainous  valley 


If 

no  valley: 

Underfit: 

Local  lateral  constriction: 

0 

valley  present 

3  in  delta 

0  not  applicable  or  not 

0  none  cases 

1 

on  alluvial  fan 

4  in  old  lake 

obviously  underfit 

1  one  9  several  cases 

2 

on  alluvial  plain 

1  obviously  underfit 

2  two 

Relation  of  channel  to  valley  bottom  (vertical): 
0  not  appl Icable 

1  not  obviously  degrading  or  aggrading 

2  partly  entrenched 

3  entrenched 

4  aggrading 


Relation  of  cham  el  to  valley  walls  or  to  high,  Conments: 

resistant  terraces  (lateral): 

0  not  applicable  (no  valley  or  free)  - 

1  occasionally  confined  _ 

2  frequently  confined 

3  confined 

4  entrenched 


FIGURE  G. 1 


SAMPLE  COPY  OF  CODING  SHEET  GE0G1 


- 


RIVER  DATA  SHEET  No.  Geog.  2/7) 


RESEARCH  COUNCIL  OF  ALBERTA 
HIGHWAY  AND  RIVER  ENGINEERING  OIVISION 
UNIVERSITY  Of  ALBERTA 
DEPARTMENT  OF  CIVIL  ENGINEERING 

GEOGRAPHIC  FEATURES  -  (Cont'd.) 

Reach  Name: _ _ _ Reach  No: 


Description  of  Valley  Flat 


Presence: 

0  none 

1  Indefinite 

2  fragmentary 

3  continuous 


Extent: 

0  none 

1  narrow  (<  1  Ws) 

2  moderate  (1-5  Ws) 

3  wide  (>  5  Ws) 


Average  width  _ ml . 

Maximum  width  _ ml. 

Channel  length~wltTi  valley 

flat  on  left  _ % 

on  right  _ % 


Vegetation: 

0  0  not  applicable 

1  1  almost  none  or  bare 

2  2  grass 

3  3  shrubs 


4  4  sparsely  forested 

5  5  moderately  forested 

6  6  heavily  forested 

7  7  swamp  or  muskeg 


Forest  type: 

0  0  not  appl icable 

1  1  deciduous 

2  2  coniferous 


Land  use: 

0  0  not  cultivated, 
not  built-up 
1  1  partly  cultivated 


2  2  mainly  cultivated 

3  3  partly  bul lt-up 

4  4  mainly  built-up 


Comments: 


Channel  Description  (near  long-term  mean) 


Charnel  pattern: 

Islands : 

Type  of  flow: 

1  straight 

0  none 

1 

uniform  water  surface 

4  pool  and 

2  sinuous 

1  occasional 

2 

uni  form  wi th  rapid 

sequence 

3  irregular 

2  frequent 

In  reach 

S  tumbling 

4  regular  xeanders 

3  split 

3 

uniform  with  bolls  and 

5  Irregular  meanders 

6  tortuous  xeanders 

4  braided 

Irregular! ties 

Bar  type: 

000  none 
1  1  1  point  bars 

222  side  bars 
333  mid-channel  bars 
444  diagonal  bars 
555  large  dunes 


Meander  dimensions: 

bel  t  width _ ml . 

wave  length _ mi. 

s 1 nuos 1 ty _ 


Natural  obstructions: 
0  0  none  3  3 

1  1  logs 

2  2  beaver  4  4 

dams 


boulders 

( lag  material ) 

vegetation 


Degree  of  obstruction: 

0  0  none  3  3  frequent  minor 

1  1  occ.  minor  4  4  frequent  major 

2  2  occ.  major 


Comments : 


Lateral  O  am. el  Activity 
Lateral  activity: 

0  not  detectable 

1  downstream  progression 

2  progression  and  cut-offs 


3  mainly  cut-offs 

4  entrenched  loop  development 

5  laterally  active  but  not  1-4 


Lateral  stability: 

0  stable  2  moderately  unstable 

1  slightly  unstable  3  highly  unstable 


Comments: 


Cham e  1  Banks  and  Bed 

Alluvial  bank  material : 

0  0  0  no  alluvial  banks 

1  1  1  clay  and  silt  (cohesive) 

2  2  2  silt  and  sand  (non-cohesl ve) 
333  sand  and  gravel  (<  64  mm) 


444  sand  to  cobbles 
555  sand  overlain  by  silt 
666  gravel  overlain  by  silt 
777  cobbles  overlain  by  silt 


Non-alluvlal  bank  material: 
000  alluvial  bank 
ma  terlal 

1  1  1  lacustrine  deposits 

2  2  2  till 


333  easily  erodlble  rock 
444  moderately  erodlble  rock 
555  resistant  rock 
666  boulders 


Percentage  of  left  I 
Percentage  of  right 

Bank  vegetation: 

0  none 

1  weak 

2  good 

3  very  strong 


tank  In  alluvium  _ 
bank  In  alluvium_ 

Predominant  bed 

1  sand 

2  sand  wl th 
local  gravel 

3  gravel 


X 

terlal : 

4  gravel  with 
local  sand 

5  sand  and  gravel 


Depth  of  alluvium:  Estimated  depth  of  alluvium  _ ft. 

0  no  alluvium 

1  shallow  Reference  or  comments: _ 

2  moderate 

3  deep  _ 


Bed  Rock  Below  Channel 

Presence  of  rock  out¬ 
crops  in  cnannel  bed: 

0  none 

1  one  occurrence 

2  two  occurrences 
_  occurrences 

J  several  occurrences 


Rock  type  at  channel  base: 

0  0  0  not  applicable 

(none  for  great  depth) 
1  1  1  compact  clay 

222  shale 
333  limestone 


444  sandstone 
655  conglomerate 
666  granite 
7  7  7  _ 


Erodl bill ty : 

000  not  applicable 
1  1  1  soft  cohesive 

222  easily  erodlble 
333  moderately 
erodlble 

444  resistant 


Comments: 


FIGURE  G. 2  SAMPLE  COPY  OF  CODING  SHEET  GE0G2 
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G. 2  Codes  for  the  General  Description  of  the  Terrain  in  the  Vicinity 

of  the  Surveyed  Reach  Above  Valley 

The  codes  give  a  rough  description  of  the  terrain  within 
approximately  3  mi.  radius  of  the  study  reach.  Normally,  a  few 
aerial  photographs  at  and  near  the  reach  and  a  topographic  map 
provide  all  the  data  for  this  code.  In  the  case  of  normal  prairie 
rivers  with  well  defined  valleys  cut  into  the  surrounding  plains, 
it  is  important  to  apply  these  "terrain"  codes  to  the  area  outside 
the  river  valley,  since  other  codes  will  describe  the  river  valley. 

In  mountainous  areas  the  use  of  these  codes  is  somewhat  questionable 
as  the  valleys  cover  essentially  the  entire  area.  One  can  either 
consider  this  coding  to  apply  to  the  higher  regions  of  mountainous 
valleys  or  use  not  applicable  ("0")  codes. 


Terrain:  This  code  corresponds  to  the 
given  in  Atlas  of  Alberta  (1969)  and  can  be 
Code:  1  mountainous 

2  foothills 

3  uplands 

4  hills 

5  plains 

6  lowlands 


physiographic  regions 
obtained  there. 


Vegetation:  Multiple  coding  is  generally  necessary  with  the  most 
dominant  vegetation  type  being  coded  first. 

Code:  0  not  applicable 


1  almost  none 
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2  grass 

3  shrubs 

4  sparsely  forested,  0  -  25%  of  area  in  forested  portion 

5  moderately  forested,  25  -  75%  of  area  in  forested  portion 

6  heavily  forested,  75  -  100%  of  area  in  forested  portion 

7  swamp  of  muskeg 

Forest  type:  This  code  is  used  to  describe  the  forest  type  in 
the  vegetation  code.  In  most  cases  it  is  associated  with  codes  4,  5, 
6,  or  7  in  the  vegetation  code. 

Code:  0  not  applicable 

1  deciduous 

2  coniferous 

Land  use:  This  is  a  multiple  code  used  to  indicate  the  relative 
influence  of  man  on  the  area  near  the  study  reach. 

Code:  0  no  cultivation  or  built-up  areas 

1  partly  cultivated 

2  mainly  cultivated 

3  partly  built-up 

4  urbanized 

Surficial  geology:  This  code  refers  mainly  to  glacial  or 
preglacial  deposits,  as  they  dominate  the  Alberta  landscape. 

Code:  1  bedrock 

2  ground  moraine 

3  hummocky  moraine 

4  lacustrine  deposits 


- 
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5  gl acio-f 1 uvi al  deposits 

6  fluvial  deposits 

7  aeolian  deposits 

Comments:  Comments  should  be  used  liberally  to  supplement  the 
codes  by  describing  characterise c  features  of  the  area. 

G. 3  Valley  Characteristics  Above  Valley  Flat 

The  following  codes  describe  the  valley  above  the  valley  flat. 
Valley  measurements  are  made  with  reference  to  a  major  plain  area. 

In  situations  where  the  stream  has  no  valley  (fans,  deltas)  or  where 
the  valley  is  not  stream  cut,  "0"  codes  may  be  unavoidable. 

The  shaded  portions  in  the  following  sketches  define  the  valley 
to  which  these  codes  refer.  These  illustrations  show  that  the  major 
plain  is  considered  to  be  the  upper  limit  of  the  defined  valley. 


Valley  in  wide  glaciated  valley 


Trench  like  valley 


Valley  with  terraces 


Not  applicable  (mountainous) 
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Valley  measurements:  The  valley  measurements  consist  of  roughly 
estimated  averages  for  the  reach  or  for  the  reach  and  its  immediate 
vicinity.  The  measurements  are  defined  in  the  following  sketches. 


where:  D  =  depth  in  feet  usually  to  the  nearest  contour  interval 

on  a  topographic  map  unless  more  detailed  data  are  available 

TW  =  top  width  of  the  valley  in  miles 

BW  =  bottom  width  of  valley  in  miles 

A  zero  may  be  used  for  any  of  the  above  three  parameters,  if 
there  is  no  valley,  or  if  the  measurement  is  not  applicable  (e.g.  TW 
for  some  large  mountain  valleys). 

With  the  above  parameters  a  rough  estimate  of  the  volume  of 
material  removed  per  lineal  foot  along  the  channel  may  easily  be 
computed  and  the  average  slope  of  the  valley  walls  may  be  estimated 

aS:  v,  2D 

vslope  '  TW  -  BW 

Slumping  of  valley  walls:  This  code  describes  the  presence  of 
massive  slumping  of  the  valley  walls  in  a  qualitative  manner.  The 
code  is  not  to  refer  to  the  small  local  failures  which  often  occur  at 


bends . 
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Code:  0  none 

1  occasional 

2  frequent 

Length  of  reach  with  slumping  valley  walls:  The  massive  slumps 
in  contact  with  the  channel  impose  a  control  on  channel  development. 
It  is  therefore,  important  to  estimate  the  length  of  contact  of 
massive  slumps  with  the  channel  of  the  present  river.  A  quantitative 
code  in  percent  is  used  to  express  the  total  length  of  massive  slump 
contact  with  the  channel  banks  in  the  reach. 


For  the  above  case  the  code  would  be  15  percent.  (Approximately 
20  percent  of  the  left  bank  and  10  percent  of  the  right  bank  are  in 
contact  with  massive  slumps.) 

Vegetation  on  valley  walls:  The  type  of  vegetation  on  the  valley 
walls  gives  an  indication  of  the  general  environment  and  of  the  ease 
with  which  material  may  be  transported  from  the  valley  walls  to  the 
valley  flat  or  to  the  channel.  This  code  only  applies  to  the  valley 
wall  above  the  valley  flat  or  above  the  high  water  line.  Another  code 
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will  deal  with  the  influence  of  vegetation  on  the  banks  of  the  channel 
below  the  high  water  line. 

Code:  0  not  applicable 

1  essentially  bare 

2  grass 

3  shrubs 

4  sparsely  forested 

5  moderately  forested 

6  heavily  forested 

7  swamp  or  muskeg 


Forest  type  above  valley  flat: 

Code:  0  not  applicable 

1  deciduous 

2  coniferous 


Comments:  Additional  information  such  as  the  difference  between 
north-exposed  and  south-exposed  valley  sides,  etc.,  should  be  noted 
here.  The  representativeness  of  the  study  reach  for  longer  reaches 
of  the  river  should  also  be  noted. 


G.4  Coding  for  Terraces 

The  study  of  terraces  along  a  river  reach  can  generally  provide 
some  information  concerning  the  geologic  history  of  the  river  and  of 
the  valley.  At  the  very  least  the  presence  of  terraces  indicates 
that  the  river  has  had  an  opportunity  for  lateral  development  at  some 


earlier  time. 
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One  difficulty  of  dealing  with  terraces  is  the  definition  of  the 
term.  What  is  a  low  terrace  to  some  may  be  a  flood  plain  to  others 
as  it  is  difficult  to  distinguish  between  the  two  without  very  exten¬ 
sive  analysis.  Here,  the  lowest  terrace  is  defined  as  the  first  flat 
area  in  the  valley  above  the  present  river  which  appears  to  be  subject 
to  infrequent  flooding  only  (return  periods  in  the  order  of  10  years 
or  greater).  The  lowest  terrace  is  often  identical  with  the  valley 
flat  (see  Section  6.6). 

Terrace  presence: 

Code:  0  none 

1  indefinite:  small  flat  areas  that  may  be  terraces 

2  fragmentary:  well  defined,  but  small  and  discontinuous 

3  continuous:  terraces  are  present  almost  continuously 

along  the  valley.  Any  particular  terrace  level  need 
not  be  continuous. 

Number  of  levels:  The  number  of  terrace  levels  may  give  an 
indication  of  the  relative  frequency  of  lateral  traverses  of  the 
valley  made  by  the  channel  during  the  valley  development.  Only  a 
detailed  analysis  could  lead  to  a  truly  quantitative  evaluation  of 
this  code. 

Code:  0  not  applicable 

1  one  level 

2  two  levels 
(n)  (rO  levels 


9  several  levels 
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Comments:  A  brief  note  on  land  use  and  vegetation  on  the 
terraces  should  be  added.  The  representativeness  of  the  coded  reach 
for  the  river  valley  in  general  is  also  of  interest.  A  note  should 
be  made  to  indicate  if  the  lowest  terrace  corresponds  to  the  valley 
flat. 


G. 5  Coding  for  Relation  of  Channel  to  Valley 

This  code  deals  with  the  relation  of  the  present  river  to  the 
valley  in  which  it  is  flowing. 


Va I  ley  type : 

Code:  0  not  applicable:  mainly  situations  where  the  river  has  no 
valley  of  its  own,  e.g.  deltas  and  fans.  Note  that  this 
code  applies  to  fans  in  valleys,  if  the  fan  is  associated 
with  a  tributary  valley. 


The  reach  AB  has 
no  valley 


Rivers  may  flow  on  deltaic  or  fan  deposits  inside  their 
own  valley,  in  which  case  another  code  would  apply. 
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1  stream  cut  valley:  most  valleys  on  the  plains  and  narrow 

mountainous  valleys  fall  into  this  category.  The  valley 
may  not  have  been  cut  by  the  present  rivers. 

2  stream-cut  valley  in  wide  valley:  a  common  situation  in  the 

foothills  of  Alberta.  The  wide  valleys  are  the  result  of 
glacial  processes. 


3  wide  mountainous  valley:  streams  in  valleys  between 

mountains  where  the  present  valley  shape  is  mainly  the 
result  of  glacial  processes. 


If  no  valley:  This  code  gives  the  reason  why  the  river  may  not 
have  a  valley. 

Code:  0  valley  present 

1  on  alluvial  fan 

2  on  alluvial  plain 

3  in  delta 

4  in  old  lake 


Underfit:  This  code  is  used  to  point  out  those  channels  which 
are  obviously  flowing  in  valleys  that  have  been  excavated  by  larger, 
earlier  rivers. 

Code:  0  not  applicable  or  not  obviously  underfit 
1  obviously  underfit 


Local  lateral  constriction:  Local  constrictions  of  the  valley  by 
rock  spurs,  lava  flows,  moraines,  tributary  fans,  etc.  are  listed. 


■ 
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Code : 


0  none 

1  one  case 

2  two  cases 

3  three  cases 
(n_)  (nj  cases 

9  several  cases 


Relation  of  channel  to  valley  bottom  (vertical):  This  code 
indicates  the  state  of  the  vertical  activity  of  the  channel  with 
reference  to  the  valley  bottom.  For  this  code  the  valley  bottom 
is  that  observed  on  aerial  photographs. 

Code:  0  not  applicable:  situation  with  no  valley 

1  not  obviously  degrading  or  aggrading:  mainly  river  reaches 

associated  with  a  prominent  and  frequently  flooded  valley 
flat,  which  appears  to  be  a  flood  plain  in  the  geomorphic 
sense. 

2  partly  entrenched:  some  segments  of  the  study  reach  are 

entrenched,  either  in  non-alluvial  material  (bedrock,  till, 
etc.)  or  in  major  alluvial  terrace  deposits. 


(conti nued) 
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Two  Possible  Situations  at  Section  AA 


The  river  is  entrenched  at  Section  AA  (in_both  situations 
shown),  but  not  entrenched  at  Section  BB. 

3  entrenched 

4  aggrading 

Relation  of  channel  to  valley  walls  or  to  high,  resistant 
terraces:  This  code  deals  with  the  restraints  on  lateral  development 
(meandering)  of  the  channel  imposed  by  valley  walls  or  high  terraces. 
Code:  0  not  applicable  (no  valley  or  free) 

1  occasionally  confined:  the  river  is  occasionally  deflected 

by  the  valley  wall  or  by  a  terrace 

2  frequently  confined:  the  river  is  frequently  deflected  by 

the  valley  wall  or  by  a  terrace 


m 
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3  confined:  the  river  is  regularly  deflected  by  the  valley 
walls  or  by  terraces. 


4  entrenched 

Comments:  The  subject  matter  of  the  above  codes  is  open  to 
widely  differing  interpretations.  The  situation  should  always  be 
described  verbally,  even  if  the  codes  seem  to  fit  well.  As  before, 
the  representativeness  of  the  coded  reach  should  also  be  noted. 

G.6  Codes  for  Description  of  Valley  Flat 

In  the  context  of  this  code,  the  valley  flat  is  the  lowest 
flat  associated  with  the  present  river  and  is  subject  to  frequent  or 
occasional  flooding.  In  geomorphologi cal  terms  it  may  be  a  flood 
plain  or  a  low  terrace.  In  engineering  terms  it  is  always  a  flood 
plain.  The  use  of  the  term  valley  flat  implies  that  no  specific 
genetic  meaning  is  intended,  but  it  is  to  be  considered  as  a  readily 
observable  physical  feature.  In  some  cases  it  is  difficult  to  assure 
that  the  selected  valley  flat  is  at  a  constant  genetic  level  along  the 
river  reach. 


The  valley  flat  codes  also  apply  to  cases  where  there  is  no 
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valley.  The  flat  associated  with  an  alluvial  fan,  for  example, 
should  be  considered  to  be  the  valley  flat  for  the  purposes  of  coding. 

Presence : 

Code:  0  none:  this  applies  to  entrenched  channels 

1  indefinite:  small  flat  areas 

2  fragmentary:  a  definite  valley  flat  is  present  for  some 

distance  along  the  reach. 

3  continuous:  a  well  defined  valley  flat  is  present  on  at 

least  one  side  of  the  channel  along  most  of  the  length 
of  the  reach. 

Lateral  extent:  The  purpose  of  this  code  is  to  evaluate  the 
approximate  extent  of  the  valley  flat. 

Code:  0  none 

1  narrow  (less  than  1  river  width  at  bankfull  stage) 

2  moderate  (between  1  and  5  river  widths  at  bankfull  stage) 

3  wide  (greater  than  5  river  widths  at  bankfull  stage). 

Average  width  of  valley  flat,  in  mi.:  The  average  width  is 
based  on  the  width  of  a  rectangle  of  area  equal  to  that  of  the  valley 
flat  and  with  the  length  of  the  rectangle  approximately  equal  to  the 
length  of  valley  flat  in  contact  with  the  river.  The  flat  on  both 
sides  of  the  channel  is  considered  when  making  an  estimate  of  the 
average  width  of  valley  flat. 

Maximum  width  of  valley  flat,  in  mi. 

Channel  length  with  valley  flat  on  left,  percent 

Channel  length  with  valley  flat  on  right,  percent 

Vegetation  for  valley  flat:  The  type  of  vegetation  on  the  valley 
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flat  may 
Code :  0 

1 
2 

3 

4 

5 

6 
7 


indicate  the  relative  resistance  offered  to  overbank  flow, 
not  applicable 
almost  none  or  bare 
grass 
shrubs 

sparsely  forested 
moderately  forested 
heavily  forested 
swamp  or  muskeg 


Forest  type: 

Code:  0  not  applicable 

1  deciduous 

2  coni ferous 


Valley  flat  land  use : 

Code:  0  not  cultivated,  not  built-up 

1  partly  cultivated 

2  mainly  cultivated 

3  partly  built-up 

4  urbanized 

Comments:  At  least  a  note  on  representativeness. 

Some  additional  information  concerning  the  presence  of  a  low 
level  bench,  a  vegetation  trim  line,  or  a  valley  flat  is  noted  in  the 
hydraulic  geometry  data.  The  approximate  return  period,  at  which  the 
river  stage  reaches  these  features  is  also  given  there. 
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G. 7  Coding  for  Channel  Description 

This  section  deals  primarily  with  the  planimetric  aspects  of  the 
reach,  as  it  appears  near  long-term-mean  stage.  This  rather  low 
stage  is  used  here  because  air  photos  rarely  show  the  channels  at 
flows  near  bankful  1. 


Channel  pattern: 

Code:  1  straight:  very  little  curvature  within  reach. 


2  sinuous:  slight  curvature  with  a  belt  width  or  deviation 
of  less  than  approximately  two  channel  widths. 


3  irregular:  a  channel  pattern  which  cannot  be  considered 
straight  or  sinuous  and  does  not  have  a  repeatable 
pattern.  This  code  also  applies  to  structurally  controlled, 
geometric  patterns  (add  appropriate  comments). 
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4  regular  meanders :  this  channel  pattern  is  characterized 
by  a  repeatable  pattern.  The  angle  that  the  channel 
makes  with  the  valley  axis  at  the  cross-over  is  less 
than,  or  equal  to  90°. 


5  i rregul ar  meanders :  a  repeatable  pattern  is  detectable 
in  the  channel  plan  but  it  cannot  be  considered  regular. 


6  tortuous  meanders:  the  channel  plan  is  more  or  less 

repeatable  but  is  different  from  the  regular  meander  in 
that  the  angle  between  the  channel  and  the  valley  axis 
at  cross-overs  is  frequently  greater  than  90°. 
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I s I ands : 

Code:  0  none 

1  occasional:  the  islands  should  be  relatively  stable  and 
have  some  vegetation.  It  should  generally  be  possible  to 
consider  the  surface  of  the  islands  as  part  of  the  valley 
flat.  No  overlapping  of  islands,  the  average  spacing 
being  10  or  more  river  widths. 


2  frequent:  in  appearance  the  islands  should  be  as  above, 

but  there  may  be  infrequent  overlapping,  with  the  average 
spacing  being  less  than  10  river  widths. 


3  split:  the  islands  are  stable,  as  above  and  overlap 

frequently  or  continuously.  The  number  of  flow  channels 
is  usually  two  or  three. 


4  braided:  in  this  case  the  islands  are  characterized  by  being 
unstable  and  overlapping.  They  may  have  some  vegetation. 
The  number  of  flow  channels  is  greater  than  two. 
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Type  of  flow:  This  code  classifies  the  river  reach  according 
to  the  type  of  energy  dissipation  indicated  by  the  water  surface. 
Code:  1  uniform  water  surface 


2  uniform  with  rapid  in  reach:  this  is  not  a  pool  and  riffle 

sequence  but  is  indicative  of  a  non-uniformity  in  the  reach. 

3  uniform  with  boils  and  irregularities :  irregular  water 

surface  indicating  a  channel  with  high  velocities  and 
generally  high  Froude  number. 

4  pool  and  riffle  sequence:  pools  and  riffles  (rapids)  at 

relatively  uniform  spacing.  Most  of  the  energy  is  lost 
in  the  riffles. 

5  tumbling  flow:  most  mountainous  streams  are  characterized 

by  this  type  of  flow.  Jets,  wakes  and  hydraulic  jumps 
account  for  part  of  the  energy  loss. 


Bar  type:  Bars  differ  from  islands  (considered  above)  by  being 
largely  unvegetated  and  submerged  at  or  below  bankful  1  stage. 

Code:  0  none 


1 


point  bars 
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2  side  bars 


3  mid-channel  bars 


4  diagonal  bars  (mainly  gravel):  this  applies  to  bars  which 
extend  part  way  across  or  all  the  way  across  the  channel. 
A  riffle  may  sometimes  be  considered  a  diagonal  bar. 


5  large  dunes:  a  feature  occurring  in  certain  sand-bed 
rivers.  Ling'oid  bars  with  gentle  up-stream  slope  and 
steep  downstream  slope  (at  angle  of  repose). 
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Meander  dimensions:  If  the  channel  plan  is  classified  as 
meandering,  it  should  be  possible  to  obtain  an  estimate  of  the 
average  meander  dimensions.  A  somewhat  longer  portion  of  the  river 
than  the  study  reach  may  have  to  be  used  to  make  the  necessary 
measurements.  If  several  wavelengths  and  belt  widths  are  measured, 
present  the  average  for  the  reach.  If  the  channel  plan  is  not 
considered  to  have  a  repeatable  pattern,  enter  "0"  for  the  meander 
dimensi ons . 

Meander  wavelength  (mi.) 

Meander  belt  width  (mi.) 

Sinuosity:  the  definition  of  sinuousity  used  is  the  thalweg 
length  divided  by  the  valley  axis  length  between  two 
points  on  the  channel.  This  definition  is  satisfactory 
except  for  those  cases  where  the  valley  is  entrenched.  In 
such  cases,  the  sinuosity  as  defined  above  may  be  approxi¬ 
mately  1.00,  although  the  channel  is  not  straight  in  plan. 

If  the  reach  is  similar  to  the  channel  upstream  and  down¬ 
stream  of  the  surveyed  reach,  the  sinuosity  is  usually 
determined  between  the  contour  lines  used  to  establish 
the  topographic  slope.  In  cases  where  the  study  reach 
is  not  typical  of  a  longer  portion  of  the  river,  the 
sinuosity  is  presented  for  the  reach  only  and  a  note  is 
made  to  indicate  the  variability  of  channel  plan  shape. 

The  value  for  sinuosity  is  presented  to  three  significant 
digits  but  only  two  are  justified  in  most  cases. 


Natural  obstructions:  Certain  natural  obstructions  can  have 
far-reaching  effects  on  channel  slope,  type  of  flow,  and  channel 
pattern.  This  code  attempts  to  recognize  and  identify  them.  Man¬ 
made  obstructions  are  given  in  the  coding  related  to  the  surveyed 
reach. 

Code:  0  none 
1  logs 


2 


beaver  dams 


- 
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3  boulders  (lag  material) 

4  vegetation 

Degree  of  obstruction: 

Code:  0  none 

1  occasional  minor 

2  occasional  major 

3  frequent  minor 

4  frequent  major 

Comments:  The  extent  to  which  the  study  reach  described  here 
is  typical  of  the  river  beyond  the  study  reach  should  always  be 
noted.  If  the  channel  pattern  is  stage  dependent,  this  should  also 
be  noted. 

G.8  Codes  for  Lateral  Channel  Activity 

This  code  attempts  to  describe  the  predominant  type  of  lateral 
channel  activity  in  the  reach.  One  difficulty  of  using  this  code 

is  that  it  may  not  be  possible  to  distinguish  the  presently  active 
process  from  processes  which  may  have  been  active  at  earlier  periods. 

Some  common  features  which  assist  in  the  evaluation  of  this 
code  are  meander  scrolls  (point  bar  deposits),  meander  scars, 
lineated  vegetation,  cut-offs,  etc. 

Lateral  activity 

Code:  0  not  detectable:  this  code  is  used  if  no  signs  of  lateral 
channel  activity  are  noted. 

1  downstream  progression:  the  whole  meander  pattern  moves 
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down-valley  without  forming  cut-offs.  Frequently 
associated  with  regular,  confined  meanders. 


2  progression  and  cut-offs 


4  entrenched  loop  development:  occurs  with  rivers  entrenched 
in  relatively  easily  erodible  materials.  Generally 
associated  with  irregular  or  contorted  meanders.  Slip-off 
slopes  are  formed  on  the  inside  of  the  meander  bends. 


' 
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5  laterally  active  but  not  1-4:  this  code  is  used  for  gravel 
rivers  which  exhibit  irregular  lateral  activity. 

Lateral  stability:  The  degree  of  lateral  stability  may  be 
estimated  from  air  photos  on  the  basis  of  plant  growth,  occurrence 
of  vertical  but  banks,  eroded  fields,  etc.  The  conclusions  may  be 
somewhat  biased  if  the  air  photos  were  taken  shortly  after  a  major 
flood. 


This  code  is  to  apply  to  activity  of  the  present  river. 

Code:  0  stable:  bank  vegetation  is  well  developed  with  no  evidence 
of  recent  bank  erosion. 

1  slightly  unstable:  localized  bank  erosion. 

2  moderately  unstable:  a  considerable  part  of  the  total 

length  of  either  bank  is  subject  to  erosion  or  is  being 
newly  formed.  Vegetation  (if  present)  also  indicates 
channel  shift.  Presence  of  vertical  alluvial  banks 
or  very  steep  non-all uvial  banks. 

3  highly  unstable:  clear  evidence  that  the  channel  has 

changed  position  in  recent  past.  Little  opportunity 
for  growth  of  well  established  vegetation  on  the  valley 
fl  at. 


An  indication  of  vertical  stability  in  the  reach  may  be  obtained 
from  the  stability  of  a  stage-discharge  relation  if  there  is  one 
available  in  the  reach. 


Comments:  Note  the  rate  of  lateral  movement  if  it  can  be 
estimated  from  comparison  between  old  and  new  photos  or  maps.  Comment 
on  representati veness  of  coding. 

G.9  Codes  for  Channel  Banks  and  Bed 


This  code  applies  to  the  channel  bed  and  to  those  banks  which  are 


subject  to  attack  by  the  river;  that  is,  the  banks  below  the  valley 
flat  or  below  the  estimated  two-year  flood. 
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Alluvial  bank  material: 


Code : 


0  no  alluvial  bank  material 

1  clay  and  silt  (cohesive) 

2  silt  and  sand  (non-cohesi ve) 

3  sand  to  gravel  (  <  64  mm.) 

4  sand  to  cobbles 

5  sand  overlain  by  silt 

6  gravel  overlain  by  silt 

7  cobbles  overlain  by  silt 


Non-a I  I uvi a  I  bank  material:  Rock  types  are  not  used,  since  one 
rock  type  may  not  always  fall  into  the  same  category  concerning 
erodi bi 1 i ty . 

Code:  0  alluvial  bank  material 

1  lacustrine  deposits 

2  till 


3  easily  erodible  rock:  this  code  applies  to  rock  types  that 

weather  into  fine  material  and  are  relatively  easily  eroded. 
Weathered  shale  usually  fits  into  this  category. 

4  moderately  erodible  rock 

5  resistant  rock:  granites  or  hard  sandstones  fall  into  this 

category. 

6  boulders 


Length  of  river  bank  on  left  with  alluvial  banks  (percent) 
Length  of  river  bank  on  right  with  alluvial  banks  (percent) 
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These  estimates  are  best  made  during  a  field  visit  but  rough 
estimates  may  be  made  from  aerial  photographs.  The  greatest 
difficulty  arises  with  channels  in  the  early  stages  of  entrenchment. 
The  appearance  of  the  banks  may  not  indicate  that  the  base  of  the 
channel  is  cut  in  bed  rock. 

Bank  vegetation:  As  above,  this  code  also  applies  to  the  banks 
below  the  valley  flat  or  below  the  level  correspondi ng  to  the  two- 
year  flood.  The  code  evaluates  the  importance  of  bank  vegetation 
on  the  stability  of  the  bank.  No  vegetation  type  is  noted  since  there 
may  be  considerable  variation  in  the  vertical  and  between  sections. 
Most  emphasis  should  be  placed  on  banks  which  are  subject  to  some 
attack  by  the  river. 

Code:  0  none:  no  vegetation  or  no  effective  vegetation. 

Vegetation  on  the  valley  flat  may  offer  little 
resistance  to  lateral  development,  unless  it  is  deep- 
rooted. 

1  weak:  this  could  apply  to  sparse  shrubs. 

2  good 

3  very  strong:  e.g.  a  dense  growth  of  willows,  or  alders 

overhanging  the  channel.  A  well  sodded  bank  may  also 
fit  here. 

Predominant  bed  material  type:  This  code  categorizes  the 
channels  by  the  bed  material  type. 

Code:  1  sand 

2  sand  with  local  gravel 

3  gravel 

4  gravel  with  local  sand 

5  sand  and  gravel 
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Depth  of  alluvium:  In  some  cases  a  rough  estimate  of  the  depth 
of  alluvium  may  be  available  from  field  observations  or  from  test 
holes  shown  on  bridge  plans,  etc.  The  depths  are  expressed  in  terms 
of  the  mean  depth  associated  with  a  high  flow  (say  bankful  1  discharge 
or  a  10  year  flood).  The  high  flow  does  not  have  to  be  precisely 
defined  for  this  evaluation. 

Code:  0  no  alluvium:  stream  essentially  on  bed  rock  through 
entire  reach. 

1  shallow:  less  than  1/2  times  the  estimated  flood  depth. 

2  moderate:  between  1/2  and  1-1/2  times  the  estimated 

flood  depth. 

3  deep:  greater  than  1-1/2  times  the  estimated  flood  depth. 

Estimated  depth  of  alluvium  (feet): 

Comments:  The  reference  for  the  depth  of  alluvium  should  be 
noted  along  with  any  necessary  qualifying  statement. 

G.  1 0  Codes  for  Bed  Rock  Below  Channel 

Presence  of  rock  outcrops  in  channel  bed:  The  number  of  observed 

bedrock  outcrops  is  coded.  There  may  naturally  be  more  outcrops 
than  those  noted. 

Code:  0  none 

1  one  occurrence 

2  two  occurrences 

(n)  (n)  occurrences 

9  several  occurrences 

Bedrock  type  at  channel  base  or  below  alluvium:  This  is  a 
multiple  code,  with  the  dominant  or  first  code  applying  to  the  actual 
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outcrops  if  any.  Otherwise,  the  codes  apply  to  the  bedrock  under  the 
alluvium  if  it  is  known. 

Code:  0  not  applicable:  in  this  case  the  depth  of  alluvium 
is  greater  than  about  three  times  the  25-year  flood 
depth. 

1  compact  clay 

2  shale 

3  limestone 

4  sandstone 

5  conglomerate 

6  granite 


Bedrock  erodibility:  This  code  describes  the  bedrock  type  in 
the  above  code. 

Code:  0  not  applicable 

1  soft  cohesive:  this  would  apply  to  compact  clays  and  to 

some  types  of  shale. 

2  easily  erodible 

3  moderately  erodible 

4  resistant 


Comments:  If  the  reach  has  been  inspected  in  the  field  it 
should  be  possible  to  expand  considerably  on  the  above  codes. 


APPENDIX  H 


EXAMPLE  OF  DATA  FOR  A  TYPICAL  REACH 


H. 1  General 

The  purpose  of  this  appendix  is  to  present  an  example  of  the 
general  type  of  data  available  for  a  typical  study  reach  used  in 
this  investigation.  No  discussion  is  presented  to  amplify  the 
figures  which  are  presented  in  this  example.  Additional  information 
concerning  some  of  the  figures  may  be  obtained  by  consulting  other 
relevant  appendices. 

Only  one  example  of  each  type  of  data  is  given,  for  instance, 
only  one  cross-section  plot  is  shown.  Not  all  reaches  have  exactly 
the  same  data  available,  but  the  example  presented  is  typical. 

H. 2  Typical  Data  for  a  Reach 

The  reach  used  for  this  example  is  the  Lobs  tick  River  near  Styal . 
This  reach  was  surveyed  by  the  writer  during  the  summer  of  1970.  The 
data  for  the  reach  are  presented  in  the  following  order: 

1 .  General  Reach  Data 

1.  General  data  for  reach. 

2.  Topographic  map  of  the  reach  and  vicinity. 

3.  Stereo-pair  for  reach  (1"  =  1320'). 

4.  Geographical  description  of  reach  and  vicinity  (2  coded 
sheets) . 

5.  Sketch  map  to  show  location  of  cross-sections,  photographs, 
bed  material  samples,  and  geomorphic  features. 

2.  Hydrologic  Data 

1.  Hydrometric  station  description  (Water  Survey  of  Canada). 


c. 
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2.  Rating  curve  applicable  for  the  date  of  survey  (Water 
Survey  of  Canada) . 

3.  Long-term  mean  discharges  and  flow  duration  data  (Hydrology 
Branch,  Water  Resources  Division,  Alberta  Department  of  the 
Envi ronment ) . 

4.  Flood  frequency  data  for  hydrometric  station. 

5.  Flood  frequency  plot. 

3.  Slope  Data 

1.  Comparison  of  photo  distances  and  field  distances. 

2.  Data  for  water  surface  profile  on  date  of  survey. 

3.  Plot  of  longitudinal  water  surface  profile. 

4.  Determination  of  topographic  slope  and  summary  of  field 
slope  data. 

4.  Hydraulic  Geometry  Data 

1.  Typical  cross-section  plot. 

2.  Estimation  of  average  elevation  of  the  low  level  bench. 

3.  Estimation  of  average  elevation  of  the  valley  flat. 

4.  Extrapolation  of  the  rating  curve  to  the  adopted  elevation 
of  the  valley  flat. 

5.  Summary  of  stage-discharge  relations  for  various 
characteristic  discharges. 

6.  Computer  print-out  of  the  hydraulic  geometry  data  for  a 
cross-section. 

7.  Computer  print-out  of  the  average  hydraulic  geometry  and 
characteristic  flow  parameters  for  the  reach. 

5.  Supplementary  Data 

1.  Field  check  sheet  for  valley  and  channel  data. 

2.  Field  check  sheet  for  bank  characteristics. 

3.  Field  notes,  comments  and  further  description  of  each 
cross-section. 

4.  Typical  field  photographs  on  date  of  survey. 
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No  bed  material  data  are  presented  since  a  complete  example  of 
the  method  of  recording  and  storing  bed  material  data  is  given  in 
APPENDIX  D. 


General  Data  for  Reach 


Reach  Name:  Lobstick  River  near  Styal ,  Alberta 
Research  Council  of  Alberta  Number:  116 
Water  Survey  of  Canada  Code:  7BB003 
Date  of  Survey: 


Water  Surface  Pro 
Stage:  1 .66  ft. ; 

Cross-section:  8 
Stage:  1 .48  ft. ; 

Length  of  reach: 

Length  below  gauge: 

Number  of  cross-sections: 

Drainage  area  above  reach: 

Long  term  mean  discharge: 


ile  5  Jun.  1970 
Discharge:  50  cfs. 

Jun.  1970 

Discharge:  38  cfs. 

4491  ft. 

2314  ft. 

10 

671  square  miles 
137  cfs.  (11  yrs.) 


Comments:  The  reach  is  located  about  5  valley  miles  upstream  from 
its  confluence  with  the  Pembina  River.  There  is  natural  storage 
upstream,  as  the  river  is  the  outlet  from  Chip  Lake. 


FIGURE  H.l  GENERAL  DATA  FOR  REACH 


53-38 
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FIGURE  H . 2  TOPOGRAPHIC  MAP  OF  REACH  AND  VICINITY 
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RESEARCH  COUNCIL  OF  AlGERTA 
HIGHWAY  AND  RIVER  ENGINEERING  DIVISION 
UNIVERSITY  OF  ALBERTA 
DEPARTMENT  OF  CIVIL  ENGINEERING 


RIVER  DATA  SHEET  No.  Geog.  1/71 


GEOGRAPHIC  FEATURES 


Reach  Name:  LorSt><-K,  R  Hg.  ^ Reach  No :  U  (x> 


Date  of  Analysis:  ^  TA>jl  Q~t  I  Analysis  By:  ~\> 


Scale  of  Air  Photos:  \ "  «■  1320* 


Scale  of  Map:_ 


\  S  o,  ooo 


NOTE:  Complete  codes  by  circling  the  appropriate  number(s).  Use  ''-1"  for  "unknown"  and  "0"  for  "not  applicable". 


Gene ra 1  Description  of  the  Terrain  In  the  Vicinity  of  the  Surveyed  Reach,  above  Valley 


Terrain: 

1  mountainous 

2  foothills 

3  uplands 

4  hills 
©  plains 

6  lowlands 


Vegetation: 


<i) 

5d> 


not  applicable 
almost  none 
grass 
shrubs 

sparsely  forested,  0-25X 
moderately  forested,  25-75% 
heavily  forested,  75-100% 
swamp  or  muskeg 


Forest 
0 


<8® 


9 


type: 

not 

applicable 

deciduous 

coniferous 


Conments: 


Land  use: 

0®  no  cultivation  or 
built-up  area 
(J)  1  partly  cultivated 

2  2  mainly  cultivated 

3  3  partly  built-up 

4  4  urbanized 


Surflcial  geology: 

1  1  1  bedrock 

222  ground  moraine 
Q)  3  3  hummocky  moraine 
444  lacustrine  deposits 
555  glaclo-fluvlal  dep. 
666  fluvial  deposits 
777  aeollan  deposits 


Valley  Characteri sties  above  Valley  Flat 


Valley  measurements: 

J  within  reach 

_ wl thin  reach  and 

immediate  vicinity 

depth:  _ 5^0  ft. 

top  width :_^_o_2o__mi . 
bottom  width:  p.  04.  ml . 


Slumping  of  valley  walls: 

Q)  none 

1  occasional 

2  frequent 

Length  of  reach  with  slumping  valley  walls 
(contact  length  In  percent  of  total  length 
of  banks):  O _ 


Vegetation  on  valley  wall: 
0  0  not  applicable 

1  1  almost  none 

2  2  grass 

3  3  shrubs 

4  4  sparsely  forested 
(5)  (5)  moderately  forested 

6  6  heavily  forested 

7  7  swamp  or  muskeg 


Forest  type  on  valley  wall: 
0  0  not  applicable 
1  (£)  deciduous 
<2)  2  coniferous 

Comments : _ 


Terraces 

Terrace  presence: 

0  none  ©  fragmentary 

1  Indefinite  3  continuous 


Number  of  levels: 
0  not  applicable 
1  one  level 


2  two  levels  Q)  several  levels 
levels 


Coiments  (In  particular  land  use  and  vegetation): 


Relation  of  Channel  to  Valley 

Valley  tyoe: 

0  not  applicable 
(T)  stream  cut  valley 

2  stream  cut  valley  In  wide  valley 

3  wide  mountainous  valley 


If  no  valley: 

(ft)  valley  present 

1  on  alluvial  fan 

2  on  alluvial  plain 


3  In  delta 

4  in  old  lake 


Underfit : 

<E)  not  applicable  or  not 
obviously  underfit 
1  obviously  underfit 


Local  lateral  constriction: 
none  ____  cases 

one  9  several  cases 

two 


LU 


Relation  of  channel  to  valley  bottom  (vertical): 
0  not  appl tcablc 

1  not  obviously  degrading  or  aggrading 
©  partly  entrenched 

3  entrenched 

4  aggrading 


Relation  of  channel  to  valley  walls  or  to  high, 
resistant  terraces  (lateral): 

0  not  applicable  (no  valley  or  free) 

1  occasionally  confined 

2  frequently  confined 
0>  confined 

4  entrenched 


Comments: 


FIGURE  H. 4  GEOGRAPHICAL  DESCRIPTION  OF  TERRAIN  AND  RELATION 
OF  CHANNEL  TO  VALLEY 
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RESEARCH  COUNCIL  Of  ALBERTA 
HIGHWAY  ANO  RIVER  ENGINEERING  DIVISION 
UNIVERSITY  Of  ALBERTA 
DEPARTMENT  OF  CIVIL  ENGINEERING 


R««ch  Name  LoBSTiC-K  fc\M6Le 

Description  of  Valley  Flat 


GEOGRAPHIC  FEATURES  -  (Cont'd.) 

_ Stxkl  AtLT a ■  (fetch  No: 


ILt 


RIVER  ORTA  SHEET  No.  U09 .  2/71 


Presence: 

0  none 
I  indefinite 
^  fragmentary 
T  continuous 


Extent: 

0  none 

(T)  narrow  (<  1  Ws ) 
T  moderate  (1-5  Ws) 
3  wide  (>  S  Ws) 


Average  width  O  oZ  ml . 
Maximum  width  p.64»  ml . 
Channel  length~wTTh  val  ley 
flat  on  left  X 

on  right  e; q  t 


Veqetation: 

0  UD  not  applicable 

1  1  almost  none  or  bare 

2  2  grass 

O  3  shrubs 


4  4  sparsely  forested 

5  5  moderately  forested 

6  6  heavily  forested 

7  7  swamp  or  muskeg 


1  1 
2  2 


st  type: 

^  not  app 1 Icable 
deciduous 
coniferous 


1  1 


use : 

•  not  cultivated, 
not  built-up 
partly  cultivated 


2  2  mainly  cultivated 

3  3  partly  built-up 

4  4  mainly  built-up 


Cownents:  “Vfry  cUY  V-LATT  ofr 

- E-XTS.HT 


Channel  Description  (near  long-term  mean) 


Cnannel  pattern: 

1  straight 

2  sinuous 

3  irregular 

4  regular  meanders 
Q)  irregular  meanders 

6  tortuous  meanders 


Islands : 

S)  none 

1  occasional 

2  frequent 

3  split 

4  braided 


Type  of  flow: 

1  uniform  water  surface 

2  uniform  with  rapid 
In  reach 

3  uniform  with  bolls  and 
Irregularities 


©  pool  and  riffle 
sequence 

5  tumbling  flow 


sw 
1  1  1 
2  2  2 

4 

5  5  5 


none 

point  bars 
side  bars 
mid-channel  bars 
diagonal  bars 
large  dunes 


Meander  dimensions: 
belt  width  Q.  \  S  mi . 
wave  length  r>  2.0  mi . 
s  1  nuos  1  ty  ~T 


Natural  obstructions: 
0  Q>  none  CD  3 

1  1  logs 

2  2  beaver  4  4 

da-s 


boulders 

( lag  material ) 

vegetation 


Degree  of  obstruction: 


1  occ.  minor 

2  occ.  major 


4  4 


frequent  minor 
frequent  major 


Comments : 


Lateral  Cnannel  Activity 

Lateral  activity: 

0  not  detectable  3  mainly  cut-offs 

1  downstream  progression  entrenched  loop  development 

2  progression  and  cut-offs  5  laterally  active  but  not  1-4 


Lateral  stability: 

0  stable  2  moderately  unstable 

(T)  slightly  unstable  3  highly  unstable 


Comments : 


Cnannel  Barks  and  Bed 


Alluvial 

0  0  C5> 
1  1  1 


bank  material : 
no  alluvial  banks 
clay  and  silt  (cohesive) 
silt  and  sand  (non-conesive) 
sand  and  gravel  (<  64  mm) 


444  sand  to  cobbles 
555  sand  overlain  by  silt 
666  gravel  overlain  by  silt 
777  cobbles  overlain  by  slit 


Percentage  of  left  bank  In  alluvium  6o  % 
Percentage  of  right  bank  In  alluvium  US? 


Non-alluvlal  bank  material: 

0  alluvial  bank 

material 

1  1  1  lacustrine  deposits 

©2  2  till 


333  easily  erodlble  rock 
444  moderately  erodible  rock 
555  resistant  rock 
666  boulders 


Bank  vegetation: 
none 
weak 
good 
3  very  strong 


Predominant  bed  material: 

1  sand  4  gravel  with 

2  sand  with  local  sand 

local  gravel  5  sand  and  gravel 

Q)  gravel 


Bed  Rock  Below  Cnannel 

Presence  of  rock  out- 

Rock  type  at  channel  base: 

0  uD(fi)  not  applicable 

crops  in  cnannel  bed: 

4 

©  none 

(none  for  great  depth) 

5 

1  one  occurrence 

1  1  1  compact  clay 

6 

2  two  occurrences 

2  2  2  shale 

7 

occurrences 

333  limestone 

9  several  occurrences 

© 

Depth  of  alluvium:  Estimated  depth  of  alluvium  _ ft. 

0  no  alluvium 

1  shallow  Reference  or  conwents: _ 

2  moderate 


4  4  sandstone 

5  5  conglomerate 

6  6  granite 

7  7 


Erodlbl llty: 

0  <S>CH)  not  applicable 
1  1  1  soft  cohesive 

222  easily  erodlble 
333  moderately 
erodlble 
4  4  4  resIsUnt 

© 


Comments : 


FIGURE  H. 5 


GEOGRAPHIC  FEATURES  RELATED  TO  THE  VALLEY  FLAT 
AND  THE  CHANNEL  BED  AND  BANKS 


■ 
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FIGURE  H. 6  SKETCH  MAP  SHOWING  LOCATION  OF  CROSS-SECTIONS,  FIELD 
PHOTOGRAPHS,  BED-MATERIAL  SAMPLE  SITES,  AND  GEOMORPHIC 
FEATURES 


HI  0 


DEPARTMENT  OF  M'.R'lH.  ‘  -  Uu-  and  NATIONAL.  RESOURCE  .  - 


1268 


Stat:-  j  jfs:  ription  to?  P'mi  i';avon 


'eR  RESOURCES  bPANCh 


Lobs  tick  River  near  Styal 


07BB003 


I 


Location:  Lat.  53°  3*'  L5" ,  long.  Ii5*  06'  20",  Alberta,  in  NE.  \  sec.  28,  tp.  53, 

rgc  .  8,  W.  5  th  Mer.,  about  four  rules  above  confluence  with  Pembina  River 
twelve  miles  downstream  from  Chip  Lake  and  one  mile  north  of  Styal. 

Prainoge  Aroo-  671  square  miles. 

Gaug«:  Recording  installed  November,  1966,  about  twenty  feet  below  former  manual 

gauge  location. 


PcLrd  of  Record:  Continuous  January,  1955,  to  December,  1968;  miscellaneous  measure¬ 

ments  in  195U. 


Mean  Discf-orge  (12  years) 

E»tr»-nei  Pecorocd: 

iauUmnc 


133  cfs. 


M.'jrimum 


V  nimum 


Daily  June  29,  1965  (g-h.  9-22) 

jOSODCKKSQQC 


Dei  I  y 


At  various  times 


3,380  cfs. 


0  cfs. 


Revisions: 


R •marks:  Records  good.  During  the  period  1913  to  1923,  data  were  collected  at 

a  site  near  the  confluence  with  Pembina  River,  about  four  miles  down¬ 
stream,  and  published  under  the  title  "Lobstick  River  near  Entwistle". 


FIGURE  H. 7  HYDROMETRIC  STATION  DESCRIPTION 


DiS *  ‘for g  e. 

DEPARTMENT  OF  NORTHERN  AM  'INS  tO  NA  '.Al  RESOURCES  WATER  RESOURCES  BRANCH 


HI  1 


FIGURE  H. 8  RATING  CURVE  APPLICABLE  FOR  DATE  OF  SURVEY 


FLOW  DURATIONS  FOR  STATION  07BB003 
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FIGURE  H. 10  FLOOD  REQUENCY  DATA  FOR  HYDROMETRIC  STATION 
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FIGURE  H . 1 1  LOG-NORMAL  FLOOD  FREQUENCY  PLOT 
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FIGURE  H. 1 5  DETERMINATION  OF  TOPOGRAPHICS  SLOPE  AND  SUMMARY 
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FIGURE  H. 16  TYPICAL  CROSS-SECTION  PLOT 
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FIGURE  H. 20  SUMMARY  OF  STAGE-DISCHARGE  RELATIONS  FOR  VARIOUS 
CHARACTERISTIC  DISCHARGES 
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FIGURE  H. 21  COMPUTER  PRINT-OUT  OF  THE  HYDRAULIC  GEOMETRY  FOR 
A  CROSS-SECTION 
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FIGURE  H. 22  COMPUTER  PRINT-OUT  OF  THE  AVERAGE  HYDRAULIC 
GEOMETRY  AND  CHARACTERISTIC  FLOW  PARAMETERS 
FOR  THE  REACH 
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FIGURE  H. 26  TYPICAL  FIELD  PHOTOGRAPHS  ON  DATE  OF  SURVEY 


APPENDIX  I 


BASIC  DATA 

1 . 1  Tables  Containing  Basic  Data 

A  data  storage  system  has  been  developed  whereby  the  data  for 
a  river  reach  is  stored  in  37  tables.  The  list  of  the  tables 
containing  the  basic  data  for  this  investigation  are  given  in  the 
following  sub-section. 


1.1.1  Station  Description 
Table  #  Title 

1  Station  information  (Page  15) 

2  River  (19) 

4  Station  location  (113) 

6  Engineering  works  above  station  (118) 

8  Station  operating  periods  (122) 

10  Hydrometric  instrumentation  (126) 


1.1.2  Discharge  Summaries 

Table  #  Title 

12  Extreme  discharges  and  maximum  recorded  gauge  heights  (128) 

13  Long-term  mean  discharges  (132) 

14  Flood  discharges  corresponding  to  specified  return 

periods  (based  on  daily  mean  data)  (136) 

18  Discharges  which  are  exceeded  a  specified  period  of  time 

(based  on  April  -  October  data)  (140) 

1.1.3  General  Reach  Data 

Table  #  Title 

20  Basic  reach  data  (144) 


12 

22  Representativeness  of  reach  (149) 

23  Slope  for  reach  (153) 

I*l*4  Hydraulic  Geometry  Data 
Table  #  Title 

27  Hydraulic  geometry  for  date  of  survey  (158) 

31  Hydraulic  geometry  based  on  long-term  mean  discharge 

for  year  (163) 

32  Hydraulic  geometry  based  on  long-term  mean  discharge 

for  April  -  October  (167) 

36  Hydraulic  geometry  based  on  1.5  year  flood  (171) 

37  Hydraulic  geometry  based  on  2.0  year  flood  (175) 

38  Hydraulic  geometry  based  on  5.0  year  flood  (179) 

39  Hydraulic  geometry  based  on  10  year  flood  (183) 

41  Hydraulic  geometry  based  on  discharge  exceeded  0.5% 

of  the  time  (187) 

42  Hydraulic  geometry  based  on  discharge  exceeded  1.0% 

of  the  time  (192) 

43  Hydraulic  geometry  based  on  discharge  exceeded  5.0% 

of  the  time  (196) 

44  Hydraulic  geometry  based  on  discharge  exceeded  10% 

of  the  time  (1100) 

46  Hydraulic  geometry  based  on  low  lever  bench  or  trim  line(H04) 

48  Hydraulic  geometry  based  on  valley  flat  (1109) 

1.1.5  Geomorphological  and  Geographical  Data 
Table  #  Title 

50  General  terrain  (1114) 

51  Climate  over  basin  (1118) 

52  Valley  characteristics  within  and  in  vicinity  of  reach  (1120) 
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54  Terraces  (1124) 

55  Relation  of  channel  to  valley  (1128) 

56  Valley  flat  (lowest  flat  associated  with  present  river)(I132) 

60  Channel  plan  (1137) 

61  Channel  shift  (1142) 

62  Channel  banks  and  bed  below  valley  flat  (1144) 

63  Bed  rock  at  channel  base  or  under  channel  (1149) 

1.1.6  Bed  Material  Data 

Table  #  Title 

71  Average  characteristic  bed  material  sizes  for  reach  (1153) 

1.1.7  Numbering  of  Tables 

The  numbering  of  the  tables  of  basic  data  in  this  appendix  is 
the  same  as  that  given  in  the  previous  sub-sections.  The  table 
numbering  is  not  consecutive  in  order  that  more  data  tables  may  be 
added  at  appropriate  locations  as  the  data  acquisition  expands. 

The  basic  system  is  set  up  to  store  the  data  from  any  number  of 
reaches  in  any  number  of  tables.  At  present  37  tables  are  used  to 
store  the  data  related  to  120  river  reaches. 

1 . 2  Use  of  Basic  Data 

The  data  in  the  tables  have  been  assembled  from  many  sources 
to  carry  out  a  generalized  regime  type  analysis  of  Alberta  rivers. 

All  data  have  been  checked  at  least  once  and  have  been  found  to  be 
essentially  correct.  No  major  errors  have  been  detected  during  the 
analysis  due  to  incorrect  data.  However,  the  data  should  be  studied 
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with  caution  when  considering  the  use  of  the  data  for  a  specialized 
application.  This  warning  is  particularly  important  when  considering 
the  estimated  discharges.  All  estimates  have  been  carefully  made, 
but  the  estimations  are  not  the  results  of  a  rigorous  analysis.  In 
summary,  it  may  be  stated  that  the  data  are  of  particular  value  for 
generalized  analyses. 

I . 3  Introduction  to  the  River  Data  Tables 

The  data  compiled  in  the  following  river  data  tables  describe 
the  hydrologic,  hydraulic,  and  geomorphic  characteristics  of  all 
river  reaches  in  this  investigation.  A  print-out  giving  the 
definitions  of  parameters  and  codes  and  additional  explanatory  notes 
preceed  each  table. 


The  following  explanations  are  valid  for  all  tables: 

1.  A  blank  in  a  table  indicates  that  there  is  no  information 
available  or  that  the  code  is  not  applicable.  A  blank  only 
occurs  for  those  cases  that  are  printed  as  integer  values. 

2.  A  -1  for  a  coded  integer  value  indicates  that  the  value  is 
unknown.  In  this  case  an  effort  had  been  made  to  obtain  the 
data,  but  no  acceptable  data  could  be  found. 

3.  A  0.0  for  a  floating  point  value  indicates  that  there  is  no 
information  available.  If  the  actual  value  is  0.0  it  is 
recorded  as  0.01  or  0.1,  etc. 

4.  A  -1.00  for  a  floating  point  value  indicates  that  the  value 
is  unknown.  In  this  case  an  effort  had  been  made  to  obtain 
the  data,  but  no  acceptable  data  could  be  found. 


The  values  -1,  0.0  and  -1.0  may  be  used  as  test  values  when 
working  with  the  data.  A  blank  for  an  integer  value  may  be  set  to 
-1  for  analysis  purposes. 

No  more  than  three  significant  figures  should  be  accepted. 


***  STATICN  INFORMATION  *** 


15 


o 

►— « 

CL 

o 

y- 

»— « 

UJ 

CL 

X 

y- 

• 

o 

UJ 

X 

CL 

X 

o 

Q 

o 

d 

> 

a: 

LU 

X 

O 

CL 

>- 

UJ 

I 

> 

X 

Q 

»— 

LL) 

=> 

X 

fr- 

X 

►— 

00 

LJ 

*— t 

UJ 

X 

t 

X 

DC 

CL 

fr- 

LU 

2 

> 

QC 

O 

*— « 

< 

CL 

UJ 

* 

2 

UJ 

O 

UJ 

LU 

> 

CL 

L— 

CL 

O 

00 

UJ 

*— « 

> 

CL 

— 1 

O 

CL 

UJ 

O 

CL 

X 

UJ 

fr— 

X 

> 

LJ 

•— * 

2 

< 

CL 

O 

UJ 

CL 

UJ 

o 

X 

LU 

>- 

►— 

fr- 

O 

d 

=5 

LU 

ll 

• 

O 

►- 

LU 

o 

C 

c 

oo 

Q. 

UJ 

LJ 

LU 

►- 

UJ 

X 

< 

co 

X 

a 

d 

t.j 

•— 

fr- 

LJ 

2 

cj 

X  2 

LJ  — 
< 

ID  OH 
CL 

OO  >-  2 

z  u  u 
U  D  M 


h-  OO  d 
d  h- 
2  <  OO 
< 

-J  • 

CL  m 

X 

UJ 


cl  lu 
uj  r  oo 
>  fr-  ~ 


o:  co  2 
*-«  u 

LL  — ■ 

U  </)  H 
—  d 
OJ  I  h- 
t  H  CO 
d 


<N» 


2 

>- 

*— < 

LU 

oO 

co 

> 

CL 

UJ 

*— 

< 

0L 

CL 

UJ 

CL 

oo 

2 

CO 

O 

ZD 

X 

d 

2 

2 

O 

1 

UJ 

-> 

cO 

y~ 

O 

O 

*— * 

CD 

X 

< 

o 

> 

►— < 

t— 

OO 

U 

►- 

X 

CL 

UJ 

fr- 

< 

LU 

OO 

LU 

LL 

X 

< 

d 

LJ 

W-l 

CO 

UJ 

y- 

— < 

fr- 

fr- 

fr- 

*— • 

LL 

UJ 

UJ 

X 

d 

CO 

co 

Ul 

X 

t-4 

fr¬ 

□c 

•> 

*— 

y- 

► — 

U. 

• 

2 

fr- 

O 

t— 

2 

ee 

UJ 

y- 

O  c0 

*— 

2 

UJ 

>- 

h- 

o 

X 

uo 

►H 

UJ 

a 

UJ 

Q 

U_ 

2 

LL 

►- 

CL 

H 

►  - 

a 

•— « 

M 

UJ 

*— < 

<3 

-j 

UJ 

*— < 

h- 

o 

oo 

> 

LL 

fr- 

CL 

X 

CL 

2 

UJ 

c c 

CO 

< 

CL 

2 

UJ 

LU 

Q 

Q 

UJ 

C 

O 

CD 

O 

a: 

O 

c 

UJ 

fr- 

o 

*— « 

X 

•— < 

UJ 

O 

UJ 

y- 

2 

LU 

> 

h- 

o 

cc 

O0 

oo 

UJ 

X 

X 

<r 

2 

OO 

X 

LU 

ro 

•— * 

oo 

►— 

k— 

cL 

x> 

X 

— 1 

UJ 

LU 

oo 

y- 

UJ 

2 

y- 

fr- 

0L 

fr- 

X 

oo 

>— 

< 

00 

a 

< 

fr- 

CL 

a 

fr¬ 

y- 

X 

X 

O 

*-• 

ill 

00 

• 

fr- 

UJ 

h- 

c 

LL 

LL 

-J 

d 

2 

2 

X 

fr— 

-J 

►— « 

oo 

O 

fr- 

X 

o 

UJ 

Cj 

C0 

— 

LJ 

o 

LU 

X 

3 

UJ 

d 

fr~ 

CL 

o 

2 

O0 

u- 

y- 

X 

CD 

2 

< 

< 

oo 

»— 

ZD 

K- 

1 

2 

O 

fr- 

UJ 

C 

• 

UJ 

CD 

O 

♦— « 

00 

2 

a. 

2 

UJ 

< 

X 

X) 

CO 

— * 

fr- 

UJ 

O 

CL 

o 

y— 

• 

oo 

-J 

00 

< 

fr- 

CL 

O 

CL 

< 

d 

2 

LU 

UJ 

fr- 

2 

O 

CL 

CO 

2 

*— • 

UJ 

2 

M 

2 

co 

LU 

O 

UJ 

OO 

< 

• 

CO 

X 

N* 

»SJ 

CJ 

LJ 

fr- 

CL 

LU 

LJ 

2 

d 

fr* 

2 

2 

LJ 

LU 

<3 

CL 

Cj 

CD 

d 

UJ 

►—« 

*-* 

CL 

< 

UJ 

CJ 

O 

LL 

CO 

2 

u. 

a 

< 

CL 

O 

u 

O 

LJ 

O 

c 

< 

UJ 

•— > 

UJ 

— j 

o 

a. 

fr- 

y- 

y- 

UJ 

»— * 

CJ 

co 

o 

X 

d 

oo 

UJ 

to 

y— 

o 

LJ 

Ul 

LU 

> 

d 

2 

o 

*-< 

X 

oo 

X 

O 

d 

o 

CO 

2) 

LU 

UJ 

2 

LJ 

>— 

X 

00 

LJ 

o 

X 

LJ 

-J 

2 

O 

UJ 

> 

o 

►-< 

d 

o 

LU 

»-4 

CL 

O 

LJ 

LJ 

X 

X 

CL 

d 

< 

H* 

CL 

O 

00 

CL 

O 

UJ 

_J 

2 

• — ■ 

h- 

y~ 

u 

2 

CL 

d 

oo 

ZD 

d 

00 

fr- 

> 

X 

LJ 

y— 

oo 

*— • 

C 

h- 

d 

X 

UJ 

*—• 

LU 

X 

y- 

UJ 

CL 

d 

LU 

< 

00 

00 

LJ 

CL 

X 

X 

CL 

X 

• 

y~ 

CL 

• 

CL 

CL 

CL 

o 

LL 

UJ 

LJ 

y- 

co 

< 

CsJ 

LU 

o 

o  u 

•  » 

in 

s0 

r- 

*-* 

CL 

O 

• 

X 

00 

»— 

—) 

LU 

O 

d 

2 

d 

LJ 

00 

2 

d 

CL 

d 

CL 

0L 

> 

UJ 

o 

oO 

-J 

►— » 

LL 

3. 

O 

X 

►— 

d 

X 

X 

d 

2 

oc 

o 

-> 

UJ 

d 

2 

o 

O 

O 

fr- 

c 

O 

LU 

d 

UJ 

X 

oo 

u_ 

2 

<J 

Uj 

LU 

UJ 

L_ 

LU 

X 

X 

X 

LJ 

2 

LJ 

LJ 

►— 

fr— 

fr- 

r 

►— 

y~ 

y- 

CL 

*— • 

UJ 

d 

00 

oo 

LJ 

Uj 

OO 

LU 

O 

OO 

LU 

X 

LL 

fr- 

»-> 

CL 

X 

> 

X 

2 

>- 

d 

X 

y~ 

O 

LO 

— 1 

-J 

O 

y~ 

-J 

cc 

fr- 

X 

CO 

< 

> 

2 

X 

• 

• 

m 

TABLE  »  l 

STATION  INFORMATION 


16 


TABLE  *  1 

STATIGN  INFORMATION 


17 


TAPLF  a  1 

STATION  INFORMATION 


18 


EXPLANATIONS: 

1.  MAJOR  DRAINAGE  BASIN 
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EXPLANATIONS: 

1.  THIS  TABLE  gives  information  concerning  the  engineering  WORKS 
AFFECTING  THE  FLOWS  AT  THE  HYDROMETRIC  STATION.  THE  FOLLOWING 
COOES  APPLY  TO  EACH  OF  THE  MAJOR  UPSTREAM  WORKS. 
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THE  DATA  IN  THIS  TABLE  ARE  NOT  ABSOLUTELY  CORRECT  IN  ALL  CASES,  BUT 
ARE  SUFPICIENTLY  ACCURATE  TO  GIVE  A  GOOD  ESTIMATE  OF  THE  OPERATING 
PERIOD  FCR  THE  HYCRCMETRIC  STATION.  THE  DATA  ARE  OBTAINED  FROM 
PUBLICATIONS  OF  THE  WATER  SURVEY  OF  CANADA. 
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EFFECTIVE  YEAR  OF  BEGINNING  OF  ENGINEERING  WORKS. 
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STRUCTURE  IS  BUILT  U/S  OF  THE  REACH,  BUT  THE  FIRST  YEAR  IN  WHICH 
A  STRUCTURE  IMPOSES  THE  CODED  EFFECT. 
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CMITTED  WHEN  DETERMINING  SLOPE. 

OPSTRUCTIGN  IN  REACH  (EG.  BEAVER  DAM). SLOPE  ADJUSTED 
BACKWATER  (EG.  REACH  NEAR  UPPER  END  OF  RESERVOIR),  NO  SLOPE 
ADJUSTMENT 


,  NO  SLOPE  ADJUSTMENT 
NO  SLOPE  ADJUSTMENT. 
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EVIDENT) . 
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THE  COMMENTS  GIVE  SOME  ADDITIONAL  INFORMATION  CONCERNING  THE 
RELATION  OF  THE  CHANNEL  TO  THE  VALLEY. 
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THIS  IS  A  MULTIPLE  CODE.  THE  FIRST  CCDED  SOURCE  IS  THE  MOST 
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PROGRAM  FOR  GENERAL  REGIME  TYPE  ANALYSIS  WITH  AN  EXAMPLE 
J .  1  General 

The  main  program  and  associated  subroutines  presented  in 
this  appendix  have  been  developed  to  facilitate  a  generalized 
regime  type  analysis  of  Alberta  rivers.  All  programs  were  written 
in  Fortran  IV  and  have  been  processed  by  the  Michigan  Terminal 
System  using  the  Fortran  IV  G  compiler  on  the  IBM  360-67  computer 
at  the  University  of  Alberta  Computing  Center. 

J . 2  Files  Used 
J.2.1  System  Files 

The  file  names  of  the  system  files  used  by  the  main  program  and 
the  subroutines  presented  in  this  appendix  are: 

1.  SSPLIB,  the  IBM  Scientific  Subroutine  Package  Library 

2.  GPLIB,  a  general  program  for  plotting  on  the  Calcomp  Plotter. 
This  program  makes  extensive  use  of  the  subroutines  in  the 
file  CALCOMPLIB.  GPLIB  was  developed  by  Cooper  and  Howells 
(1969). 

3.  CALCOMPLIB,  the  library  containing  the  detail  subroutines  for 
plotti ng. 

Details  concerning  these  files  are  available  from  the  Computing 
Center,  University  of  Alberta. 

J.2.2  Data  File  for  Analysis 

One  other  file  called  RIVFILE  contained  the  selected  data  for 
the  general  analysis.  For  this  investigation  RIVFILE  stored  80 
variables  for  120  river  reaches.  Arora  (1971)  has  documented  the 


program  used  to  construct  RIVFILE  from  the  tape  containing  all  the 
basic  data  from  the  River  Data  Tables  given  in  APPENDIX  I. 
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3*2.3  Files  with  Subroutines  Written  for  this  Analysis 

The  following  files  were  constructed  to  store  the  subroutines 
especially  written  for  this  analysis: 

1.  HYDPFILE,  a  file  with  one  subroutine  to  compute  and  print  out 
standard  hydraulic  parameters,  initiation  of  motion  data  and 
bed-load  transport  data.  The  subroutine  name  in  the  file  was 
HYDPAR. 

2.  ANALFILE,  a  file  with  fourteen  subroutines  to  define  variable 
names  of  data  stored  in  RIVFILEsto  carry  out  screening,  to 
construct  working  vectors,  to  determine  the  distribution  of  a 
single  variable,  to  carry  out  simple  linear  and  multiple  linear 
regression.  This  file  had  to  be  in  core  for  all  analysis  and/or 
plotting.  The  subroutines  in  this  file  were:  DEFEL,  6SCRN, 
FWORKV,  SCRN ,  PRMA,  COEFV,  FLAS,  PHIST,  SORTD,  PRLS,  LSQFT, 

PRMR,  REGRE,  and  DATA. 

3.  PLOTFILE,  a  file  with  two  subroutines  to  carry  out  the  desired 
plotting  and  to  print  out  the  plotted  data.  The  subroutine 
names  in  this  file  were:  PLOTR,  and  PLOTVA. 


Obviously  all  of  the  subroutines  could  have  been  stored  on  one 
file,  but  three  separate  files  were  used  to  reduce  the  amount  of 
core  storage  required  when  carrying  out  certain  analyses.  This 
procedure  meant  that  a  "C"  had  to  be  placed  in  one  or  two  call 
statements  in  the  main  program  when  the  called  subroutines  were  not 
in  core.  The  documentation  of  the  main  program  indicates  these  changes 
at  CALL  HYDPAR  and  at  CALL  GPL. 


J.3  Listing  of  the  Input  Data  Cards  and  Control  Cards  for  an  Analysis 

An  example  of  the  input  data  cards  and  control  cards  for  the 
example  of  Section  J.4  are  presented  in  FIGURE  J.l.  In  the  three 


screenings  in  this  example  the  computations  are  carried  out  for 
four  characteristic  discharges:  the  2  year  flood,  low  level  bench, 
valley  flat,  and  valley  flat  if  return  period  is  LE.  20  years. 
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A  more  detailed  explanation  of  the  input  data  and  control  cards 
used  in  this  example  are  as  follows: 

1.  The  element  numbers  and  the  corresponding  abbreviated  names 
are  first  read  in  as  data. 

2.  The  main  control  card  is  next.  The  codes  on  this  card  are 
explained  as  follows: 

2  means  detailed  print  out  of  data  in  working  vectors 

1  means  detailed  print  out  of  hydraulic  parameters,  etc. 

1  means  analysis  from  program  segment (s)  to  follow 

1  means  plotting  from  program  segment(s)  to  follow 

3.  The  general  screening  for  the  first  run  in  the  analysis  is 

next.  This  consists  of  a  control  card,  followed  by  an  explan¬ 

ation  of  the  particular  screening.  This  is  continued  until  all 
desired  general  screening  for  the  run  are  carried  out.  At 

the  end  of  the  general  screening  there  is  a  control  to  indicate 
the  end  of  the  screen. 

4.  The  element  numbers  for  the  desired  discharge,  area,  and  width 

are  next  read  in  with  a  description  of  the  discharge  being 

used  in  the  run. 

5.  This  is  followed  by  a  control  card  to  indicate  if  there  is  to 
be  further  screening  on  the  desired  discharge. 

6.  After  all  screening  is  completed  for  the  desired  discharge  the 
printing  of  the  basic  data  in  the  working  vectors  and/or 
printing  of  the  hydraulic  parameters  and/or  analysis,  and/or 
plotting  are  carried  out  for  the  stated  screenings  and  the 
stated  discharge. 

7.  A  control  card  then  follows  to  indicate  if  another  screening, 
or  discharge  is  to  follow,  or  if  the  analysis  is  at  an  end. 

The  controls  used  are  defined  as  follows: 

2  further  screening  of  stated  discharge  to  follow 

3  new  general  screening  to  follow 

4  new  discharge  to  follow  (no  computed  screening) 

5  new  discharge  to  follow  (computed  screening) 

6  end  of  all  runs  in  analysis 
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More  detail  concerning  the  control  cards  used  for  an  analysis  is 
found  in  the  write  up  of  the  main  program  and  the  subroutines. 

J.4  Listing  of  Main  Program,  Computed  Results,  and  Subroutines 
The  listing  of  the  main  program  is  presented  first.  In  this 
listing  four  program  segments  have  been  inserted  to  illustrate  the 
following  three  basic  types  of  analysis  and  the  type  of  plotting 
used  in  the  investigation: 

1.  variation  of  a  single  variable 
e.g.  WSM  =  a-Q0*50 

2.  simple  linear  regression 

e.g.  of  the  form  WSM  =  a • Qb ;  that  is, 
log(WSM)  =  log(a)  +  b  log(Q) 

3.  multiple  linear  regression 

e.g.  of  the  form  WSM  =  a,Qb*Sc;  that  is, 
log(WSM)  =  log(a)  +  b  log(Q)  +  c  log  (S) 

4.  a  plot 

e.g.  WSM  versus  Q 

A  print  out  of  the  results  for  the  first  discharge  (2  year  flood) 
and  for  the  first  screening  (Gravel -1)  given  in  Section  J.3  are 
presented  after  the  main  program  used  for  the  computations. 

After  the  sample  print  out  an  example  of  the  modification  of  a 
value  in  ARRAY  is  given.  An  example  of  a  computed  screening  is  also 
provided.  The  documentation  of  the  main  program  indicates  where 
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these  modifications  would  be  inserted  in  the  main  program  if  required. 

Finally  a  listing  of  all  the  subroutines  are  given.  The 
subroutines  are  listed  in  the  same  order  as  given  in  Section  J.2.3 
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EXAMPLE  OF  INPUT  DATA  AND  CONTROL  CARDS  FOR  AN  ANALYSIS 
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FIGURE  J.l  (continued)  EXAMPLE  OF  INPUT  DATA  AND  CONTROL  CARDS  FOR 
AN  ANALYSIS 
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**' ********************************$**********$********$**$*#**#*** 
GENERAL  REGIME  TYPE  ANALYSIS  FOR  ALBERTA  RIVERS  -  D.  I.  BRAY  - 
***************************** ************************************* 

THIS  PROGRAM  IS  DESIGNED  TO: 

1.  PRINT  OUT  BASIC  DATA 

2.  COMPUTE  AND  PRINT  OUT  COMMON  HYDRAULIC  PARAMETERS. 
INITIATION  OF  MOTION  DATA,  AND  BED-LOAD  TRANSPORT  DATA. 

3.  CARRY  OUT  ANY  OF  THE  FOLLOWING  THREE  STANDARD  TYPES 
OF  ANALYSIS: 

-  VARAIBILITY  OF  A  SINGLE  VARIABLE 

-  SIMPLE  LINEAR  REGRESSION  FOR  A  DEPENDENT  VARIABLE 
AND  CNE  INDEPENDENT  VARIABLE. 

-  MULTIPLE  LINEAR  REGRESSION  FOR  A  DEPENDENT 
VARIABLE  AND  TWO,  OR  THREE  INDEPENDENT  VARIABLES. 

4.  PLOT  CATA  CN  AN  X-Y  PLOT  WITH  THE  POSSIBILITY  OF 
PRINTING  A  THIRD  PARAMETER  BY  THE  PLOTTED  POINT  AND  THE 
POSSIBILITY  OF  SELECTING  UP  TO  13  DIFFERENT  SYMBOLS  PER 
PLCT.  THIS  OPTION  MAKES  USE  OF  THE  SUBROUTINE  GPL 
IAVAILABLE  AT  U.  OF.  ALBERTA)  PLUS  THE  CALCOMp  PLOTTER. 

****************************************************************** 
THIS  PROGRAM  MAINLY  PROVIDES  A  CONTROL  OVER  THE  VARIOUS  SUB¬ 
ROUTINES  WHICH  ARE  CALLED  DURING  THE  EXECUTION.  IT  ALSO 
PROVIDES  FOR  THE  INSERTION  OF  ANY  NUMBER  OF  SELF-CONTAINED 
PROGRAM  SEGMENTS  FOR  ANALYSIS  OR  PLOTTING. 
****************************************************************** 
THE  GENERAL  PROCEDURE  USED  IN  ANY  ANALYSIS  IS  TO: 

1.  READ  THE  BASIC  DATA  FROM  A  FILE  (  C  RNE : R I VF I LE  )  INTO 

APR  AY (I , IELEM) .  (  THIS  PART  HAS  TO  BE  CHANGED  WHEN  A 

NEW  ARRAY  IS  ESTABLISHED;  FOR  THIS  CASE  I  ( MAX  >  =  120; 

I  ELEM ( MAX )=  80  ) 

2.  READ  IN  THE  NAMES  OF  THE  VARIABLES  ASSOCIATED  WITH  EACH 
ELEMENT  NUMBER  IN  ARRAY.  (THIS  HAS  TO  BE  CHANGED  WHEN 

A  NEW  ARRAY  IS  ESTABLISHED  ) 

3.  READ  IN  A  CONTROL  CARD  TO  INDICATE  IF: 

-  THE  BASIC  DATA  IS  TO  BE  PRINTEO  OUT 

-  THE  ANALYSIS  FOR  THE  HYDRAULIC  PARAMETERS 
IS  TO  BE  CARRIED  OUT 

-  ANY  ANALYSIS  OF  PROGRAM  SEGMENTS  IS  TO  BE 
CARRIED  OUT 

-  ANY  PLOTTING  FROM  PROGRAM  SEGMENTS  IS  TO  BE 
CARR  I EO  OUT 

4.  READ  IN  THE  GENERAL  SCREENING  CRITERIA  TO  BE  USED  BEFORE 
ANY  ANALYSIS  OR  PLOTTING. 

5.  READ  IN  THE  ELEMENT  NUMBERS  FOR  THE  DISCHARGE,  AREA,  AND 
WATER  SURFACE  WIDTH  WHICH  ARE  TO  BE  USED  IN  THE  ANALYSIS 
AND/OR  PLOTTING. 

6.  READ  IN  CONTROL  CARDS  WHICH  INDICATE  IF  A  NEW  SCREENING 
IS  TO  FOLLOW,  AN  ADDITIONAL  SCREENING  IS  TO  FOLLOW,  OR 

A  NEW  DISCHARGE  IS  TO  FOLLOW. 

7.  DO  THE  DESIRED  PRINTING,  ANALYSIS,  AND/OR  PLOTTING 


' 
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THIS  PROCEDURE  CONTINUES  UNTIL  ALL  DESIREO  SCREENINGS  ARE  CARRIED 
OUT  ANO  ALL  OESIRED  DISCHARGES  ARE  EVALUATED  FOR  THE  BASIC 
DATA  PRINT  OUT,  AND/OR  THE  COMPUTATION  AND  PRINT  OUT  OF  THE 
HYDRAULIC  PARAMETERS,  AND/OR  THE  ANALYSIS  OF  THE  PROGRAM 
SEGMENTS,  AND/OR  THE  PLOTTING  FROM  PROGRAM  SEGMENTS. 
**********************  ***********  ********************************* 
SEE  WRITE  UP  AT  THE  BEGINNING  OF  THE  SUBROUTINES  FOR  FURTHER 
EXPLANATIONS. 

****************************************************************** 
THIS  PROGRAM  IS  SET  UP  FOR  A  TOTAL  OF  120  RIVER  REACHES.  ALL 
APPROPRIATE  DIMENSION  STATEMENTS  MUST  BE  CHANGED  TO 
ACCOMODATE  MORE  REACHES. 

************************  ****************************************** 


C0MM0N/SUB1/ 
COMMON  RCA(1 
COMMON  DG90 ( 
COMMON  SCOPI 
DIMENSION  Y I 
DIMENSION  IT 
******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

ANY  COMB  IN AT 
FILES 
IF  ALL  FILES 
PLACE 


ARRAY! 120, 80) 

20) ,0! 120) , AM! 120) ,WSM( 120 ) ,DM( 120) ,VM( 120) ,S( 120) 

120 ),DG65! 120) ,DG50(  120) , V I SK < 1 20 ) , THRE S( 1 20 ) 

120 ) , T ( 1 20  I 

120) , XI (120)  ,X2!120),X3(120) , XX (  120,4) 

ITLE(20) , IDISCH! 16) ,TTEMP( 120) 

IF  USING  PRINT  OUT  FOR  HYDRAULIC  PARAMETERS  PUT 
THE  FOLLOWING  FILES  IN  CORE 

ANALFILE+*SSPL IB+HYDPFILE 
3  =  C  PNE : R I VF I L  E 

IF  USING  ANALYSIS  ONLY  PUT  FOLLOWING  FILES  IN  CORE 
ANALFILE+*SSPLIB 
3  =  0  PNE : R I VF I L  E 

IF  USING  PLOT  ONLY  PUT  FOLLOWING  FILES  IN  CORE 

ANALFILE+*SSPLI B+PLOTFILE+CC: GPL IB+CC :CALCOMPL IB 
3=CRNE :RI VF I LE  8=*SINK*  9=*DUMMY*  (FOR  TEST) 

3=C RNE : R I VF I LE  8=*SINK*  9=*PLGTXY*  (FOR  RUN) 

ION  OF  THE  ABOVE  MAY  BE  CARRIED  OUT  IF  THE  APPROPRIATE 
ARE  PUT  IN  CORE. 

ARE  PUT  INTO  CORE  WITH  EACH  RUN,  IT  IS  UNNECESSARY  TO 
THE  C  IN  COL.  ONE  FOR  CALL  HYDPAR  AND  CALL  GPL. 


I  P=  5 


I  P=6 


NELEM=80 
NSTAT=120 
N A=NST  AT 
I  SCRE=0 

NELEM  =  NO.  OF  ELEMENTS  IN  MAJOR  ARRAY 
NS T AT  =  NO.  OF  STATIONS  IN  MAJOR  ARRAY 
WP I TE ( IP, 1069) 

1069  FORMAT! •  1  •  ,/// ) 

WP I TE ( IP , 1070) 

1 C 70  FORMAT ( • 0*  »30X» 'GENERALI  ZED  REGIME  TYPE  ANALYSIS  OF  ALBERTA  RIVERS 
1  •//) 

???????????????? ??????????????????? 

R  E  AO  ARRAY  FROM  DISK  FILE  3  =  CRNE  :RI VFI LE 
FORMAT (8F16.7) 

DO  1  1=1.120 
J  B=  1 
J  E=  8 

3  R E AD ( 3,2 )  ( A RR AY ( I , J ) , J  =  JB , JE ) 

2  FORMAT ( 8  F 16 . 7 ) 


■ 


non  n  n  n  n 
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je=jB+a 

JE=JE*8 

IFIJE.LE.80)  GO  TO  3 
1  CONTINUE 

C  ??????????????????????????????????? 

C  32£aa2aa3aa?333  TEMPOPARY  MODIFICATION  OF  BASIC  DATA  £3233333333 

C  3333  CHANGE  THE  FOLLOWING  IF  THE  MASTER  ARRAY  IS  CHANGFD  3333333 

C  3333  REMOVE  THE  FOLLOWING  IF  THE  ERROR  HAS  BEEN  CORRECTED  IN  THE 

C  BASIC  OATA;  THAT  IS  IN  RIVFILE  a33a3333a33333333a3a3££a3a333333 

c  asaaaaaaaa  beginning  ot  temporary  modification  of  basic  data  sa 

c  asaaaaaaaaaaaaaas  end  of  temporary  modifications  aaaaaaaaaaass 

C  ***********************************$ 

C  READ  IN  THE  ELEMENT  NUMBERS  AND  DESCRIPTIONS  OF  ELEMENT  COOES. 

CALL  DEFEL ( IRCA, IDA,  ISF, 1ST, ITERR, IRCVB, IRCVW, IVFE, ICPAT, T  ISL, ITYF 
1L , I  BAR ,ISIN» IDLA, IBANKA,IPABLT,IPABRT»IRDA, IDG90, IDG6  5, IDG50, I  EL  EM 
2  T ) 

C  SYMBOLS  FOR  ELEMFNT  NUMBERS  CANNOT  RE  USED  UNLES  THEY  APPEAR  IN 

THE  ABOVE  CALL  STATEMENT:  WITH  THE  FOLLOWING  EXCEPTION  FOR  0,A,WS. 
************************************ 

**#♦****« r***************************** 

PRINT  OUT  VALUES  IN  THE  ELEMENTS  FOR  THE  FIRST  REACH 
WRITE! IP, 1971) 

1971  FORMAT!  *0'  ,10X, 'VALUES  FOR  THE  ELEMENTS  IN  THE  FIRST  REACH'/) 
WRITE!  IP,  197  2)  ( ARR A Y ( 1 , L EL E M ) , LELEM= 1 , I ELEMT ) 

1972  FORMAT ( '  •  .8F16.7) 

***************************  *********** 
************************************ 

DEFINITION  OF  CONTROL  PARAMETERS  FOR  TYPE  OF  ANALYSIS 
RE  AO! IR,  3640)  IPWV, IPTRAN, I  ANAL , I PLOTT 
3640  FORMAT ! 4  I  5 ) 

C  IPWV  IS  CCDE  FOR  PRINT  OUT  OF  WORKING  VECTORS 

C  IF  IPWV  =  0  NO  PRINT  OUT 

C  IF  IPWV  =  1  THE  FIRST  VALUES  OF  THE  WORKING  VECTORS  ARE 

C  PRINTED. 

C  IPWV  =  2  ALL  OF  THE  VALUES  IN  THE  WORKING  VECTORS  ARE 

C  PRINTED. 

C  IPTRAN  IS  THE  CODE  FOR  THE  PRINT  OUT  OF  THE  HYDRAULIC  PARAMETERS, 

C  THE  INITIATION  OF  MOTION  DATA,  AND  THE  BED-LOAD  TRANSPORT  DATA. 

C  IF  IPTRAN  =  0  NOTHING  IS  PRINTED 

C  IF  IPTRAN  =  1  ALL  CF  THE  RESULTS  FOR  THE  HYDRAULIC  PARAMETERS, 

C  ETC.  ARE  PRINTED  OUT. 

C  I  ANAL  IS  THE  COOE  TO  DETERMINE  IF  THE  ANALYTIC  COMPUTATIONS  WILL 

C  BE  EXFCUTED. 

C  IF  I  AN A  L  =  0  NO  ANALYSIS  WILL  BE  EXECUTED. 

C  IF  I  ANAL  =  1  THE  DETAILED  ANALYSIS  WILL  BE  EXECUTED. 

C  IPLOTT  IS  THE  CODE  TO  DETERMINE  IF  ANY  PLOTTING  IS  TO  BE  OONE. 

C  IF  IPLOTT  =  0  NC  PLOTTING  WILL  BE  DONE 

C  IF  IPLOTT  =  1  THE  PLOTTING  WILL  BE  DONE. 

C  ************************************ 

Q  ************************************** 

C  FILL  TEST  VECTOR  TO  0.0 

DO  47  1=1, NA 
T  ( I  1*0.0 
47  CONTINUE 

r  ************************************** 
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6  C  9  DUMMY=609» 

C  PRINT  HEADINGS  FOR  GENERAL  SCREENING 

WRITE! IP, 1052) 

1052  FORMAT! • 1 ',////, 20X, 'DESCRI PTION  OF  GENERAL  SCREENING  USED  FOR  MAJ 
10R  OATA  SET'/) 

CALL  GSCRN(NA, ISCRE, I T, ITT) 

IF  I  I  T.LT.O.OR. IT.GT. 1 )  GO  TO  900 
IF! ITT.LT.l.CR. ITT.GT.8)  GO  TO  900 


DEFINITION  OF  THE  DISCHARGE  TO  BE  USED  IN  THE  ANALYSES 
196  WRITE! IP, 906  ) 

906  FCRMAT('0','l$t$$$S$$$$S$$$$l$$$$$$$$$$st$t$$$$$$$$$$$$$$$S$$$J$$i 

$$($$!/) 

I P  TE  ST= I PT  R AN 
I  P  W  V  T=  I PV  V 
WRITE! IP, 199) 

WRITE! IP, 195) 


195  FORMAT! 'O' ,10X, 'THE  FCLLOWI NG  ANALYSES  ARE  BASED  ON  THE  STATED  DIS 
1  CHARGE  AFTER  GENERAL  SCREENING  AND  OTHER  SCREENINGS  TO  THIS  POINT' 
2/  ) 

REA0!IR,1C80)  IO,IAM,IWSM,( IDISCH! IDS),IDS=1,16) 

1080  FORMAT (3I5,16A4,1X) 

WRITE! IP, 1078)  ( IDISCH! IDS),  IDS= 1,16) 

1 C 78  FORMAT! 'O' ,10X, 'DISCHARGE  USED:  ',16A4) 


WRITE! IP, 1081) 

1081  FORMAT (• O' ,20X ,' ELEMENT  NUMBERS  USED  FOR  WORKING  VECTORS') 

WRITE! IP, 1082)  IO,IAM,IWSM 

1082  FORMAT! 'O' , 10X, 'DISCHARGE: ',  14,  •  ;  AREA  :',I4,' 

114) 

WRITE! IP,  1083)  IRCA,ISF,IST,ITERR,IRCVB 

1083  FORMAT! 'O' , 10X, 'REACH  U  :',I4,'  ;  SLOPE  FIE:', 14,'  ;  SLOPE  TOP:', 

114,'  :  TERRAIN  :',I4,'  ;  CHA  TO  VB:',I4) 

WRITE! IP, 1084)  I  I SL , I S I N , I B ANK A 


1 C 84  FORMAT! 'O' ,10X,' ISLANDS  :',I4,» 
114) 

WRITE! IP,  1085  )  IDG90, IDG65, IDG50 
1085  FORMAT ( 'O' , 10X, 'BEDMAT  90:', 14,' 
114) 


SINUOSITY: • ,  14, • 

BEDMAT  65: • ,  14, • 


ALLU  BANK: • , 

BEDMAT  50: • , 


ft*********************************** 


CALL  FWORKV  < I RC A , I C , I  AM , I W SM , I SF , 1ST,  IDG90,  IDG6  5,  IDG50 , I  TERR , I  I SL , 
1ISIN.NA) 

*****************$****************** 


32233 33  ADDITIONAL  GENERAL  SCREENING, IF  DESIRED  3333333333333333 
3333333  EXPLANATION  MUST  BE  PRINTED  OIJT  IF  THIS  OPTION  IS  USEO  3 
3322333  IT  =  4  MUST  NOT  BE  USED  AS  A  CONTROL  IF  THIS  OPTION  IS 
2322333  USED;  USE  IT  =5  IN  THIS  CASE.  333333332333233333333 
23222233223  OPTIONAL  COMPUTED  SCREENIN  TO  FOLLOW  IF  DESIRED  3333 
33222223322  ENO  OF  OPTIONAL  COMPUTED  SCREENING  332323233333333 

****#»#*£*$:([  *££*$**$$  ^ifr***  *$$*$**** 

PRINT  OUT  WORKING  VECTORS  IF  OESIRED 
I  F (  IPWVT.LE.O)  GO  TO  3613 
IF!  IPWV.LE.O)  GO  TO  3613 
WRITE! IP, 199) 

WRITE! IP, 1089) 

1 C 89  FORMAT! • 1' ,////) 


- 
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WRITE ( I P,  1090)  ( I  0 1 SCH ( II), 11=1,16) 

1050  FORMAT! • O'  ,20X, 'BASIC  OATA  FOR  REACHES  FOR:  *,16A4/) 
WRITE! IP, 1091) 

•  REACH 
0G65 


0G90 


DISCHARGE  AREA  WIDTH  DEPTH  VEL. 

DG50  VISCOSITY  SCOR  WSM/DM  DM/0G5 


MM 


FT**3/S 

MM 


FT**2  FT 

FT**2/S'/) 


FT 


FT/S 


1091  FORMAT!* 

1  SLOPE 
10  •) 

WRITE! IP, 1092) 

1092  FORMAT!*  *,8X,* 

1  FT/FT  MM 

IF(IPWV.EC.l)  GO  TC  3614 
IF! IPWV.GE.2)  GO  TO  3615 

3614  NAPR=1  ** 

K  =  1 

GC  TO  3616 

3615  NAPR=NA 
K=1 

3616  DO  413  1= 1 »N APR 

I F(T( I ) .LE.O.O)  GO  TO  413 

I F ( W SM ( I ) .LE. 0.0. OR. DM! I ).LE.O.O)  GO  TO  3620 
FPRMF=WSM(  I  )  /DM! I ) 

GC  TO  3623 

3620  FORMF=- 1.0 

3623  I F!DM!  I  )  .LE.0.0.OR.DG50! I ) .LE.O.O)  GO  TO  3621 
DMODG=DM ( I ) *305 . /DG50 ! I ) 

GO  TO  3622 

3621  D  MOOG=- 1.0 

3622  WRITE! IP, 1093)  RC A !  I  ) , Q ( I ) , AM ( I ) , WSM ( I ) , DM ( I ) , VM( I ) , S ! I ) ,DG90(  I ) 

1 , CG65!  I ) ,DG50<  I  ) , VISK!  I  )  ,SCOR( I ) , FORMF , DMODG 

1093  FORMAT!*  *,9X,  F 5 . 0, F 12 .0 , F9 . 0 , F8. 0 , F8 . 2 , F 7. 2 , F 10. 6 , 3F 8 . 2 , F 1 2. 7, 

1F7.2.2F7.0) 

IFIK.E0.40)  GO  TO  421 
I F  <  K . EG. 80 )  GO  TO  421 
GC  TO  411 

421  WRITE! IP, 1089) 

WRITE ( I P , 1090)  (IDI  SCH III), 11  =  1, 16) 

WRITE! IP, 1091) 

WRITE! IP, 1092) 

411  K  =  K  + 1 
413  CONTINUE 

WRITE! IP, 1089) 

I PW VT=0 

************************************ 


************************************ 

608  DUMM Y=60 8 • 

SCREENING  OF  WORKING  VECTORS 
3613  WRITE! IR , 1999) 

1999  FORMAT! *0'  ,10X, 'SCREENING  AFTER  WORKING  VECTORS  FORMED  FOR  SPECIFI 
1ED  DISCHARGE*/) 

I  SCR  E  =  0 

CALL  GSCRNl  NA, ISCRE, IT, ITT) 

IF!  IT.LT.O.OR. IT.GT.l )  GO  TO  900 
IF ( ITT.LT.  l.OR. I TT.GT.8 »  GO  TO  900 
***********  *****************  ********** 


************************************ 

*****  PLACE  a  C  IN  CCL .  ONE  IF  HYDRAULIC  PARAMETERS  NOT  DESIRED 
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CALL  HYDPAR (I  PT  R  AN  ,  N  A  ,  I  P  TE  ST  ,  I  0 1  SCH  ) 

WRITE! IP. 1089) 

c  *****  REMOVE  THE  C  IN  COL.  ONE  IF  HYDRAULIC  PARAMETERS  DESIRED. 

C  ******************** 

C  BEGINNING  OF  DETAILED  ANALYSES 

WRITE! IP.  199) 

199  FORMAT! • O'  ,  10X , • — - 

1 - ,  , 

IF! IANAL.LE.O)  GO  TO  3632 
I F( I ANAL.GE.  1 )  GO  TO  3631 
3631  0UMMY=3631.0 

C  **********  first  ANALYSIS  TO  FOLLOW  ****************************** 

C  A AAAAAAAAA A  A  A  A  A A A A  A A A  A A A  L-  1  AAA  A AA AAAAAAAAAA AAAAA AAAAAAAA 

C  LACEY  ANALYSIS  WSM  =  A  *  0**0. 50 

DO  750  1=1, NA 
IF (T< I ) .LE.O.O)  GO  TO  751 

IF(WSM( I ) .LE.O.O.OR.O! I ) .LE.O.O)  GO  TO  751 
Y( I ) =WSM ( I ) / 0 ( I ) **0 • 5 
GO  TO  750 
751  Y ( I  )  =0 . 0 
750  CONTINUE 

WRITE! IP, 1750) 

1750  FORMAT!  'O' ,  10X, 'LACEY  TYPE  RELATION:  WSM=A*Q**0. 5 • ) 

CALL  PRMA  (Y,NA, NAS, AMAX, AMIN) 

CALL  PHIST  !Y  , NAS, AMAX, AMIN) 

C  A AAAAAAAA A AAAAA AAA AAAAAA  WSM-  1  A AAA AA A A A A  A A A A  AAA A A A A  A A  A AAA A A 

C  WIDTH  RELATION:  WSM=A*Q**B 

DO  950  1  =  1  . NA 
I F ( T I  I ).LE.C.O>  GO  TC  951 

IFIWSM(I) .LE.O.O.OR.O! I ). LE.O.O)  GO  TO  951 
Y! I )  =  ALOGIO (WSM! I ) ) 

XI ! I )=ALOG10!G( I ) ) 

GO  TO  950 
951  Y ( I )=0 .0 
XI  ( I >=0.0 
950  CONTINUE 

WRITE! IP, 1950) 

1950  FORMAT! 'O' ,10X, 'WIDTH  RELATION:  WSM=A*Q**B  ') 

I TYPE= 1 

CALL  PRLS(Y,X1 ,NA,  ITYPE.O) 

C  2  7%??  **<!*??  *?*?%*%! 

C  AAA AAAAAA A AAAAA AAAAAAAA A  WSM-  2  AAAAAAAA AAAAAAAAAAA AAAAAAAAAA 

C  WIDTH  RELATION:  WSM= A*0**B*S**C 

DC  3105  1=1, NA 
IF! T( I ) .LE.O.O)  GO  TO  3106 

I F ( WSM! I ). LE.O.O.OR.O! I ) .LE.O.O.OR.SI  I  )  .LE.O.O  )  GO  TO  3106 
Y(I )=ALOG10(WSM(I) ) 

XI ! I )  =  ALOG 10(0! I ) ) 

X2! I ) = ALOG  10 ! S ( I ) ) 

X 3  !  I  )=0.0 
GO  TO  3105 
3106  Y(I  )  =  0.0 
X  1  ( I ) =0. 0 
X2 ( I  )=0 .0 


' 


nr>r>o  r>  n  o  r>  nno 
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x3i  n=o.o 

3105  CONTINUE 

WRITE! IP, 3107) 

3107  FORMAT (• 0 *,  10X ,' W  I  DTH  RELATION:  WSM=  A*Q**B*S**C  •  ) 

WRITE! IP, 3108) 

3108  FORMAT!  *0*  ,  10X, • INTERCEPT*  LOG (  A )  ;  LOG(WSM)=  VAR1;  LOG(0)=  VAR2; 

1 L  OG ( S )  =  VAR3  •) 

NV AR=3 

CALL  PRMRIY.X1 , X2 , X3 , NA , NVA R , N S T AT , 0 ) 

???  *???  7*2  ?????:£%?*?  **????*? 

*********************  EN0  CF  analysis  ************************** 

BEGINNING  OF  PLOTTING  ROUTINES 
3632  IF! IPLOTT.LF.O)  GO  TO  901 
IF! IPLOTT.GE.l)  GO  TO  3634 
3634  DUMMY=3634  .0 

*****+#*1,$  FIRST  PLOTTING  PROGRAM  TO  FOLLOW  ****#**$*****#******** 
PPPPPPPPPPPPPPPPPPPPPPPP  Q-  1  ppppppppppppppppppppppppppppp 

PLOT  WSM  VS  C  FOR  Z  =  0G50  IN  MM.;  AND  SYMBOLS  AS  RELATION  OF 
CHANNEL  TO  VALLEY  BOTTOM. 

DO  2020  1=1, NA 
I F ( T (I) .LE.0.0  )  GO  TO  2025 
IF (DG50!  I  )  .LE.O.O)  GO  TO  2021 
GO  TO  2022 

2021  DG50 ( I ) =— 1.0 

2022  IFIARRAY! I  ,IRCVB) .GT.4.01)  GO  TO  2023 
GO  TO  2024 

2023  ARRAY! I , IRCVe)=-1.0 

2024  IF ( WSM! I ) .LE.O.O. OR. 0( I ) .LE.O.O)  GO  TO  2025 
XX!  1,1) =0 !  I  ) 

XX! 1,2) =WS M (  I) 

XX! I  *  3 ) =DG  50 ( I) 

XX! I ,4)=APRAY( I , IRCVB) 

GO  TO  2020 

2025  XX! I , 1 >=0.0 
XX! I , 2 ) =0. 0 
XX! I, 3) =0.0 
XX ( I ,4 )=-9.0 

2020  CONTINUE 

DIMENSION  AL PHW (20) 

DATA  ALPHW/'WSM  »,*V  Q  • , • ( Z=0* , • G50  • , • IN  M • , • M ) ! S • , • YMBO ' , • L S=R • 

1,'EL.  '.'TO  V'.'AL.  '.'BOnS'Q  IN',*  CFS','  *,*  ','WSM  ',•! 
2N  F ’ , • T .  *,  •  •/ 

CALL  PL0TR(XX,NA,5,2,2,  1 , 0 , 1 . 0 , 5 .0, 10 . 0 , 1 . 0 , 3. 0 , 6. 0 , AL PHW ) 

CALL  PLOTVA(XX,NA) 

o5aaf3a33cQlae3332^2aa<TSa?532aSo!aaa!3)<i)?(I33<3T)3o12::i)3a'3333fi)33 
*************  of  PLOTTING  PROGRAM  SEGMENTS  *************** 

NOW  AT  END  OF  ANALYSIS  AND  PLCTTING  FOR  ONE  CASE 
TEST  TO  SEE  IF  ANOTHER  SET  OF  ANALYSIS  IS  TO  BE  EXECUTED 
901  READ ! I R ,  1300  »  IT 
1300  FORMAT! 12) 

WRITE! IP, 915  )  IT 
915  FORMAT! 'O' ,10X,' IT  =  *,I3) 

I $CRE=0 

IF(IT.LE.l)  GO  TO  900 
IF! IT.E0.2)  GO  TO  608 
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C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


I F ( I T. E0.3  )  GO  TO  800 
I F ( IT.E0.4)  GO  TO  196 
I F ( IT.E0.5)  GO  TO  811 
IF (  IT.GE.6  )  GO  TO  902 

IT  LE.  1  WILL  CAUSE  AN  EXIT  AFTER  RECOGNITION  OF  ERROR  IN  THE 
ORDER  OF  THE  CONTROL  CARDS  FOR  SCREENING. 

IT  =  2  WILL  CAUSE  NEW  SCREENING  OF  THE  WORKING  VECTORS. 

THE  TEST  VECTOR  IS  UNALTERED 
(SCREENING  CRITERIA  TO  FOLLOW) 

IT  =  3  WILL  CAUSE  NEW  SCREENING  (  CONSIDER  AS  A  NEW  PROBLEM) 

THE  TEST  VECTOR  WILL  BE  INITIALIZED  TO  0.0. 

(GENERAL  SCREENING  CRITERIA  TO  FOLLOW) 

IT  =  4  WILL  CAUSE  NEW  WORKING  VECTOR  TO  BE  FORMED  FOR  Q,  AM,£WSM. 
GENERAL  SCREEENING  UNALTEREO 

(FLEMENT  NUMBERS  FOR  0,  AM,  AND  WSM  TO  FOLLOW) 

NOTE:  IT  =  4  MUST  NOT  BE  USED  IF  THE  TEST  PARAMETER  T 
IS  SFT  BY  MEANS  OF  THE  COMPUTATION  OPTION 
IT  =  5  WILL  CAUSE  A  NEW  WORKING  VECTOR  TO  BE  FORMED  FOR  0,  AM,  AND 
WSM  AND  WILL  CAUSE  THE  TEST  VECTOR  TO  BE  SET  TO  0.0  FOR 
CASES  WHICH  DID  NOT  MEET  THE  COMPUTED  SCREENING  CRITERIA. 
GENERAL  SCREENING  REMAINS  UNALTERED 
(ELEMENT  NUMBERS  FOR  Q, AM, AND  WSM  TO  FOLLOW) 

IT  GE.  6  WILL  CAUSE  A  PLANNED  EXIT. 

8C0  DO  801  1=1, NA 
T (  I  )  =0 .0 
801  CONTINUE 

WPI T  E ( I P, 804) 

8C4  FORMAT ( 'O' »10X, 'TEST  VECTOR  SET  TO  0.0;  GENERAL  SCREENING  TO  POLL 
1CW  (  CONSIDER  AS  A  NEW  PROBLEM)*/) 

GO  TO  6C9 


811  DO  812  1=1, NA 

IF(TTEMP( I ).LE.0.0)  GC  TO  813 
GO  TO  812 
813  T( I >=1.0 

812  CONTINUE 

WP I TE ( IP, 815) 

815  FORMAT! *C' ,10X, 'TEST  VECTOR  SET  TO  0.0  FOR  CASES  WHICH  DID  NOT  MEE 
IT  COMPUTED  SCREENING  CRITERIA*) 

GO  TO  196 

900  WPITE( IP, 1301) 
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PRINT  OUT  VALUES  USEO  IN  PLOT 
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SYMBOL 

1 

215COO. 0000000 

1559. COOOOOO 

46.0000000 

2. 

2 

255000. OOOCOOO 

1787.0000000 

41.0000000 

2. 

3 

290CCO.COOOOOO 

1 540. OOOOOOO 

53.0000000 

3. 

4 

315000.0000000 

1855.0000000 

-1.0000000 

2. 

8 

85000.0000000 

890.0000000 

80. OOOOOOO 

2. 

9 

29500.0000000 

552.0000000 

48.0000000 

1. 

10 

24000.0000000 

326. OOOCOOO 

73.0000000 

3. 

11 

8500.0000000 

201 .OOOOOOO 

-1.0000000 

3. 

12 

160C0. 0000000 

377. OOOOOOO 

60.0000000 

1. 

13 

32000.0000000 

627. OOOOOOO 

43.0000000 

3. 

18 

1 700. COOOOOO 

130. OOOOOOO 

42.0000000 

1. 

19 

5600. OOOCOOO 

221. OOOOOOO 

86. OOOOOOO 

3. 

20 

10800.0000000 

363.0000000 

42.0000000 

2. 

21 

1000. 0000000 

96.0000000 

51.0000000 

2. 

22 

2800.0000000 

199. OOOCOOO 

70.0000000 

1. 

24 

5500.0000000 

225. OOOOOOO 

58.0000000 

3. 

26 

1000. COOOOOO 

56. OOOOOOO 

46. OOOCOOO 

1. 

35 

1 7000.0000000 

311.0000000 

117.0000000 

3. 

36 

24400.0000000 

495. OOOCOOO 

63.0000000 

2. 

37 

42000.0000000 

601.0000000 

3  1  . OOOOOOO 

3. 

40 

3000. 0000000 

132.0000000 

27.0000000 

2. 

41 

4400. 0000000 

2C6. OOOOOOO 

27.0000000 

2. 

42 

1000.0000000 

86. COOOOOO 

43.0000000 

2. 

44 

11500. COOOOOO 

320. OOOOOOO 

-l.OCOOOOO 

3. 

48 

6000. COOOOOO 

235. OOOOOOO 

28.0000000 

3. 

49 

12000.0000000 

367.0000000 

48. OC 00000 

2. 

50 

12400. OOOOCOO 

365. OOOOOOO 

38.0000000 

2. 

52 

1000.0000000 

87. OOOOOOO 

63. OOOCOOO 

2. 

53 

1600. OCOOO  00 

140.0000000 

47. OCOC  000 

2. 

56 

470.0000000 

47.0000000 

42.0000000 

2. 

57 

370.0000000 

53.0000000 

51.0000000 

2. 

62 

130C0. 0000000 

310. COOOOOO 

140.0000000 

3. 

63 

11  lOO.OOCOCCO 

341 .OOOOOOO 

33.0000000 

2. 

64 

15500.0000000 

412.0000000 

40.0000000 

2. 

65 

17000. 0000000 

526. COOOOOO 

26.0000000 

2. 

66 

26500.0000000 

543.0000000 

32.0000000 

3. 

67 

1400.0000000 

92. OOOCOOO 

145.0000000 

0. 

71 

2850.0000000 

123.0000000 

30. OOOOOOO 

2. 

73 

e40. ooooooo 

e6. ooooooo 

30. OOOOOOO 

1. 

74 

1 860.0000000 

1 16.0000000 

41.0000000 

1. 

77 

2600.0000000 

122 .OOOOOOO 

37.0000000 

3. 

78 

3300.0000000 

170.0000000 

57. OOOOOOO 

3. 

79 

3900.0000000 

2C9. OOOOOOO 

55.0000000 

3. 

81 

340.0000000 

55. OOOOOOO 

39.0000000 

2. 

83 

1650.0000000 

153.0000000 

43. OOOOOOO 

1. 

84 

2300.0000000 

149.0000000 

31.0000000 

1. 

85 

3700.0000000 

14  8.0000000 

86.0000000 

3. 

86 

3600.0000000 

146. COOOOOO 

80. OOOOOOO 

1. 

87 

8C00. ooooooo 

380.0000000 

43. OOOCOOO 

1. 

88 

10600.0000000 

360.0000000 

49.0000000 

1. 

89 

14600.0000000 

358.0000000 

30. OOCOOOO 

3. 

90 

20000. OOOOCOO 

390. OOOOCOO 

40.0000000 

1. 

91 

31500. OOOOOOO 

590.0000000 

67. OOOCOOO 

3. 

92 

1  1  50.0000000 

92.0000000 

45.0000000 

1. 

93 

1200. OOOOCOO 

90.0000000 

96.0000000 

2. 

95 

4500.0000000 

1  87. COOOOOO 

79.0000000 

2. 

96 

435. OOOOOOO 

61  .OOOOCOO 

78.0000000 

2. 

97 

1050. OOOOCOO 

90.0000000 

23.0000000 

2. 

100 

1650.0000000 

94.0000000 

100.0000000 

3. 

101 

2400.0000000 

1 80.0000000 

30. OOOCOOO 

1. 

103 

4200. COOCCCO 

246. OOOCOOO 

115.0000000 

3. 

104 

5400. OOOOOOO 

311. OOOOOOO 

46.0000000 

1. 

106 

1 95.0000000 

47.0000000 

52. OOOOOOO 

2. 

107 

3900.0000000 

151. OOOOCOO 

95.0000000 

2. 

108 

3500.0000000 

29  7. OOCOOOO 

63.0000000 

2. 

109 

380. OOOOCOO 

52.0000000 

47.0000000 

2. 

110 

1650.0000000 

120. OOOOCOO 

1  9. OCOOOOO 

2. 

113 

1600.0000000 

144.0000000 

89.0000000 

2. 

115 

1  65C. OOOOOOO 

68. OOCOOOO 

35.0000000 

2. 

116 

620.0000000 

71. COOOOOO 

66.0000000 

2. 

IT  -  6 

PLOTTER  TIME  REQUIRED  »  OOO  HRS  004  MINS  LAST  8LK»  003 
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TOTAL  NUMBER  OF  FLCTS  *  1,  PLCTTAPE  CLOSED. 

GPL  HOD  5/25/71 


SUMMARY  OF  GPL  USAGE 


GPL  WAS  CALLEO  4  T I  ME  <  S I .  FOR  A  TOTAL  OF  1  PLOTIS)  TO  BE  DRAWN. 


PLOT  NUMBER ;  1  TITLE,  WSM  V  0  <Z  =  DG50  IN  HM M SYMBOL 3  =  RE L .  TO  VAL.  BOT) 

LABEL  TYPE  ORIGIN  SCALE  SIZE 

Y-AXIS:  WSM  IN  FT.  LOG  O.IOOCOE  01  0. 3D000E  01  6.0 

X-AXIS;  C  IN  CFS  LOG  O.IOOOOE  01  0. 50000E  01  10.0 


OuRVF 

NUMBER 

- plT)T 

TYPE 

DATA 

SYMBOL 

NO.  DATA 
POINTS 

POINTS 

OFF-SCALE 

1 

l 

1 

1 

0 

2 

1 

2 

16 

0 

3 

1 

3 

33 

0 

A 

1 

A 

20 

0 

ooooo  ooooo 
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EXAMPLE  of  modification  of  a  value  in  array. 


ARR AY( 17,561=3.00 

THE  ABOVE  STATEMENT  CHANGES  THE  PREVIOUS  VALUE  OF  ELEMENT  56 
FOR  REACH  17  TO  3.00 


EXAMPLE  OF  A  COMPUTED  SCREENING  OPTION. 

ACCEPT  IF  THE  FROUDE  NUMBER  IS  LT.  1.00 

ACCEPT  IF  THE  RELATIVE  DEPTH  ( CM/DG50*305 )  IS  GE.  4.0  AND  LE.  100. 
DO  422  1=1, NA 
I F ( T (  I  I.LE.O.O)  GO  TO  417 

IF(DM(  I) ,LE.O.0.OR.DG5O(  I )  .LE.O.O)  GO  TO  425 
l F ! VM ( I  I.LE.O.O)  GO  TO  425 
417  TTEMPI I )=1 .0 
GO  TO  422 

TESTFR=VM ( I )/( ( 32.2*DM( I  )  )**0. 50) 

IF ( TESTFR.GE.l .00)  GO  TO  425 
TESTRD  =  OM(  I)/DG50(  I)*305. 

IFITESTRD.LT. 4.0. OR. TE ST RD.GT.  100. )  GO  TO  425 
425  T (  I  )  =- 1.0 

C  TTEMP  IS  SET  TO  -1.0  ONLY  IF  THIS  SPECIFIC  TEST  IS  NOT  SATISFIED 

TTEMPI I )=-1.0 

422  CONTINUE 
WRITE! IP, 423 ) 

423  FORMATCO*  ,10X, '^ADDITIONAL  SCREENING  BASED  ON  COMPUTATION******* 

l*************  ' ) 

WRITE! IP, 416) 

416  FORMAT! 'O' ,10X,« ACCEPT  IF  THE  FROUDE  NUMBER  IS  LT.  1.00') 

WRITE! IP, 424 ) 

424  FORMATCO*  ,10X, 'ACCEPT  IF  DM/DG50*305  IS  GE.  4.0  ANO  LE.  100.'/) 


. 

. 


J28 


3  COMPILER  HYDPAR  07-12-71  21:42.51  PAGE  0001 


C 

C 

C 

C 

C 

C 

C 

r. 

c 

c 

c 

c 

c 


SUBROUTINE  HYDPAR ( I PTRAN,NA, IPTFST, I DISCH) 

HYOPAR  =  SUBROUTINE  TO  COMPUTE  HYDRAULIC  PAPA^FTERS,  INITIATION 
OF  MOTION  DATA,  ANO  BED-LOAD  TRANSPORT  DATA. 

IPTRAN  =  CODE  TO  DETERMINE  IF  A  FULL  ANALYSIS  IS  REQUIRED. 

IPTRAN  =  0  NO  ANALYSIS 

IPTRAN  =  1  RESULTS  PRINTED  FOP  ONE  REACH  ONLY. 

IPTRAN  =  2  PRINT  OUT  OF  THE  RESULTS  OF  THC  ANALYSIS  FOR 
ALI.  REACHES  THAT  HAVE  MET  THE  SCREENING 
CRITERIA. 

NA  =  THE  TOTAL  NUMBER  OF  REACHES  IN  THE  ANALYSIS. 

IPTEST  =  A  TEST  VALUE  TO  INDICATE  IF  A  PRINT  OUT  OF  THE  RESULTS  IS 
REQUIRED  MOPF  THAN  ONCE.  THIS  IS  SUPPLIED  INTERNALLY. 
IOISCH  =  VECTOR  OF  LENGTH  16  CONTAINING  THE  TYPE  OF  DISCHARGE 
FOP  THE  ANALYSIS. 

COMMON/ SUP  1/ ARRAY! 12  0, BO) 

COMMON  RCA! 120) »Q( 12P) »AM( 120) »WSM( 120) ,DM( 120) »VM( 120) ,S(120) 
COMMON  DG90! 120) , DG65! 120) , DG50! 120 ) , V  I SK ( 1 20 ) , THRES!  120) 

COMMON  SCOR ( 120 ) , T ( 1 20) 

DIMENSION  I  D  I  SCH! 16 ) 

IF!  IPTFST.LF.O)  GO  TO  3630 
IF! IPTRAN. LE.O)  GO  TO  3630 
I  P  =  6 


WRITE! IP, 700) 

700  FORMAT ( • 1 ' ,//) 

WRITE! IP, 1101)  ( IOISCH!  T  I  )  ,  I  1  =  1, 16) 

1101  FORMAT (  'O'  ,10X, 'HYDRAULIC  PARAMETERS  FOR:  ',16A4/) 

WRITE! IP, 1102) 

1102  FORMAT!  'O' ,73X, • INITIATION  OF  MOTION  BED-LOAD  TRANSPORT') 

WPI TE (  IP  ,  1103) 

1103  FORMAT!'  »,1X,'  REACH  CHEZY  FRICT.  MANN-  STRICK-  BLENCH  BLENCH 

1  VM  VM/V*  TAU  SHIELDS  NEILL  COOPER  SCHOK  STRAUB  M PM 

2  BLENCH* ) 

WRITE ( IP, 1 104) 

1104  FORMAT!'  ',2X,'  ft  C  FACTOR  I NG , N  LER , N  FB  FS  F 

1T/S  If  /FT**  2  T  AU/TAUC  VM/VMC  VM/VMC  #/S/FT  ft/S/^T  «/S/FT 

2#/S/FT ' / ) 

K=1 

3630  DO  1  1=1, NA 

I F ( T (  I)  .LF.O.O)  GO  TO  1 
IF! IPTEST. LE.O)  GO  TO  31 
IF!  IPTRAN. LE.O)  GO  TO  31 
IF( VM!  I  )  .LE.O.O)  GO  TO  2 
V MT=  VM ( I  ) 

IF(OM( I ). LE.O.O)  GO  TO  3 
FP=VM( I )**2/DM(  I  ) 

IF! S! I ) .LE.O.O)  GO  TO  4 

CHE  Z Y  =  VM (  I  )/(  (DM!  I  )*S(  I  )  )**0.50) 

FF  =  32.2*DM(  I  )  *  S  ! I  )  / VM ( I  ) * *2  *P  •  0 
CMANN=1.40*DM( I )**0.667*S! I )**0.50/VM( I) 

T  AIJ=  62 . 4*  DM  (  I  )*S(  I  ) 

VSTAR=!3?.2*0M(I)*S!I))**0.50 
VMOVS= VMT/VSTAR 


GO  TO  5 


2  VMT  =  - 1.0 

3  FB=— 1.0 


r>r>r>  r>nn  non  no 
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4  CHE ZY  =  -1 . 0 
FF  =  -  l  .  0 
CMANN=-1 .0 
T  A 1 1=- 1 . 0 
VMOVS= -1.0 

5  IF(WSM(I ).LF. 0.0. OR. VM(I). LE.0.0)  GO  TO  6 
FS=VM( I ) **3/WSM{ I  ) 

GO  TO  7 

6  F  S=-l • 0 

7  IF(0G50(  I  ). LE.0.0)  GO  TO  8 
CSTRI00.013  3*DG50<  I  )**0. 167 
GO  TO  9 

8  C  STR I C  =  -  1.0 

9  DUMMY=9. 0 

THRESHOLO  COMPUTATIONS 

I  I  I  I  I  I  I  I  I  I  II II  I  I  I  I  I  I  I  I  I  I  III  I  I  II  I  I  I 

THRESHOLD  -  SHIELOS  (1936) 

AFTER  SHUL ITS  AND  HILL  (1968) 

IF (DG50(  I  )  .LT.0.09 )  GO  TO  20 

IF(DG50(  I  ) .GE.0.09. AND.0G50 ( I l.LT.0.27)  GO  TO  21 
IF ( DG50( I ) .GE. 0.27. AND. DG50( I ) .LT.O. 55)  GO  TO  22 
IF ( DG50( I ) .GE.0.55. AN0.DG50 ( I > .LT.6. 70)  GO  TO  23 
IF< DG50( I ) .GE.6.70. AND.DG50( I ) .LT.256.  )  GO  TO  24 
GO  TO  20 

21  TAUCS-0.00514*DG50(  I  ) **0. 25 
GO  TO  25 

22  TAUCS=0. 00842*0 G50( I )  **0. 63  3 
GO  TO  25 

23  TAUCS= 0.01210 *DG50( I ) **1 • 26 
GO  TO  25 

24  TAUCS=0.02030*DG50( I ) 

GO  TO  25 

20  T AUCS  =  -1 .00 

25  DIJMMY=2 5 . 0 

I  I  I  I  I  II  I  I  I  I  1 1  I  I  I  I  1 1 1 1  II  I  I  IT  II II I  1 1 
I  II  1 1  I  I  I  I  III  1 1  I  I  II  I  I  I  I  I  I  1 1  I  I  III  1 1  I 
THRESHOLD  -  NEILL  (1969) 

IF(DM(I ). LE.0.0. OR. DG50( I). LE.0.0)  GO  TO  30 
R  A  TN=  30  5 . *  DM (  I )/DG50(  I) 

IF(RATN.GT. 100.0. OR.RATN.LT. 2.0)  GO  TO  30 
VMCN= 1 . 54*  DM ( I )**0.167*DG50( I ) **0.33  3 
GO  TO  31 

30  VMC N=- 1 . 00 

31  DUMMY=31 .0 

I  I  I  I  I  I  I  I  I  II  I  I  I  I  I  I  I  I  I  I  I  I  I  II  I  I  III  I  I  I 
IIIHIITIII  IIIIIIIITIIIIIIIIIIIIII 

THRESHOLD  -  COOPER  (1970) 

I F (DM( I ) .L E.O.O.OR .DG50( I ) .LE.0.0)  GO  TO  40 
RATC=305. *DM( I ) /DG50 ( I ) 

IF(RATC.LT.4.0)  GO  TO  40 

IF(RATC. GE. 4. n. ANO.RATC.LT. 150.)  GO  TO  41 
IF (RATC.GF. 1 50.0. AND. RATC.LT. 1000. )  GO  TO  42 
I F ( R  ATC. GE. 1000 .0. AND.R  ATC.LT. 3000. )  GO  TO  4  3 
IF (RATC.GE  .3000. )  GO  TO  40 


r*  ~>  o  o  oodooo 
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41  VMCC= 1 . 4  R*0M ( I ) **0 . 1 33*0G50 ( I >**0.36  7 
GO  TO  44 

42  VMCC=1 . 26*DM( I ) **0 . 304*0G50 ( I >**0.196 
GO  TO  44 

43  VMCC=1.17*0M( I ) **0 . 37 7*DG50 ( I >**0.123 
GO  TO  44 

40  VMCC=-1.00 

44  I F ( IPTFST.LE.O)  GO  TO  3677 
IF(  IPTRAN.LE.O)  GO  TO  3677 
I  I  III  II  I  I  T  II  I  I  I  I  I  III  I  I  I  I  I II  I  I  Til  I  1 

PFD-LOAD  TRANSPORT  COMPUTATIONS 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
RFD-LOAD  TRANSPORT  SCHOKIITSCH  (1934) 

AFTFR  SHUL  ITS  AND  HILL  (  1968) 

IF ( WSM (  I  )  . L  F . 0 . 0  >  GO  TO  50 
I F( S( I ) .lE.O.O.OR.OI I ) .LE.O.O)  GO  TO  50 
IF(0G50( IJ.LE.O.O.OR.OG 50(1). GT. 256)  GO  TO  50 
0  G  =  0  G  5  0  (  I  ) 

QRS34=437 . *S ( I ) ** 1 . 5 / OG* *0 . 50* ( 0 ( I ) / WSM ( I ) -0 . 000 209*DG/ ( S ( I ) **1. 33 
1  )  ) 

IF(QRS34.GT.0.0)  GO  TO  51 
ORS  34  =  0. 0 
GO  TO  51 

50  QBS 34=- 1 .00 

51  0UMMY=51.0 

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
RED-LOAD  TRANSPORT  STRAllR-DUROUYS  (1936) 

AFTER  SHI IL ITS  AND  HILL  (1968)  AND  HENDERSON  (  1966) 

IF( DM(  I ) .LE.O.O. OR. S(  I  )  .LE.O.O)  GO  TO  60 
DG=DG50 ( I ) 

IF ( DG.LT.O. 125. OR. OG.GE. 256. )  GO  TO  60 
G AMMA  =  6  2.4 

TAUSD=GAMMA*DM(  I ) *  S ( I ) 

CH I = 1 1 1000. /DG**0. 75 
CONST=CH I /GAMMA **2*TAU SO 

IF(DG.GE. 0.125. AND. DG.LT.O. 250)  GO  TO  61 
IF(OG.GE.C. 250.ANO.0G.LT. l.CO)  GO  TO  62 
IF(DG.GE. 1.00. AND.DG.LT. 4. 00)  GO  TO  63 
IF(OG.GE. 4. 00. AND.DG.LT. 16.0)  GO  TO  64 
I  F(  DG.GE. 16.0. AND.DG.LT. 256.  )  GO  TO  65 
GO  TO  60 

61  QRSD35=CONST*(TAUSD-0.0193*DG**0.0854) 

GO  TO  66 

62  OB SD 3 5= CONST*! TAUSD-0 . 03 16*PG**0. 440 ) 

GO  TO  66 

63  ORSD35=CONST*( TAUSD-O. 0316* PG**0. 745 ) 

GO  TO  66 

64  0 R SD 35=CON ST* ( T AUSD- 0.02 60 *DG** 0.890) 

GO  TO  66 

65  ORSD35=CONST*( TAUSD-0 . 0 l 91 *DG ) 

66  IF(QBSD35.GT .0.0)  GO  TO  69 
0RSD35=0. 0 
GO  TO  69 


n  n  n  ->  r>  n  r> 
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60  0BSD35=-1 .00 
60  DUMMY=  69  •  0 

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
BEO-LOAO  TRANSPORT  MEYER-PETER  AND  MULLER  (1948) 

AFTER  SHULITS  AND  HTLL  (1968) 

IF(OM( I > .LF.0.0.0R.S( I) .LE.O.O)  GO  TO  70 
DC-=  DG50  (  I  ) 

IF(0G.LF.0.0,0R,DG.GE.256.)  GO  TO  70 
TAIJMPM=62.4*S(  I  )*DM(  I  ) 

CTERM=0.8*TAUMPM-0.0158*DG 
IF (CTERM.LF.O.O)  GO  TO  72 
QBMPM=9. 2  3*CTER  M*  *  1 • 5 
GO  TO  71 

70  QRMPM=-1.00 
GO  TO  71 

72  0  RM  PM  =  0 . 0 

71  DUMMY  =71.0 

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
BED-LOAD  TRANSPORT  BLENCH  (1957) 

IF(SCOR( I ). LE.O.O)  GO  TO  80 
I F ( S ( I ) . LE.O.O. OR. WSM( I ) .LE.O.O)  GO  TO  80 
I F ( 0 ( I).LE.0.0.0P.V1SK( I ). LE.O.O) GO  TO  80 
DG=  DG50 (  I  ) 

IF ( DG.LT.0.07)  GO  TO  80 
IF(DG.GF. 0.07. AND.DG.LT. 2. 00)  GO  TO  81 
IF( DG.GE. 2. 00. AND.DG.LT. 56.0)  GO  TO  82 
IF(DG. GE. 56.0. AND.DG.LT. 256. )  GO  TO  83 
GO  TO  80 

81  FPO=1.9*DG**0.50 
GO  TO  84 

82  FR0=l.75*DG**0.25 

84  DTE  S  =0G/(305.*DM(I))  -  DTEST  =  1.0/DTES 

IF (DTEST.GT.  1000. )  GO  TO  91 
IF(DTFST.LT.100. )  GO  TO  83 
FP0T'=442.4*0TES  **0.982 
IF(FBO.LT.FBOT)  GO  TO  85 
GO  TO  91 

85  FBO=FROT 
GO  TO  91 

NOTE  THF  CONSTANT  WAS  38  IN  THE  ORIGINAL  BOOK  BUT  HAS  BEEN 
CHANGED  TO  48 

83  F  P0=48 . 0* ( 00/(305 . *DM (  I ) ) ) **0. 50 
I F ( FBO. GT . 32 . 2 )  GO  TO  80 

91  F3C=S( I )*117.*WSM( I )**0. 16  7*0 ( I > **0 . 08 3 3/ ( SCOR (  I  )  *V  I  SK ( I ) **0.2 5*FB 
10**0.916  ) 

IF (F3C.LE.  1.00)  GO  TO  92 

IF(F3C.LT.  1.15. AND. F3C.GT. 1.00)  GO  TO  93 
IF(F3C.LT.  1.45. AND. F3C.GE. 1.15)  GO  TO  94 
I F ( F 3C .LT . 2. 45 . AND. F3C.GE . 1 . 45)  GO  TO  95 
IF (F3C.LT. 3. 55.AND.F3C.GE.2.45)  GO  TO  96 
GO  TO  80 

92  C=0.00 
GO  TO  98 


C 

c. 
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03  C=(F3C-1.00)*6.67 

C  THIS  IS  AN  APPROXIMATION  FOR  F3C  TFNOS  TO  1.00 

GO  TO  98 

94  C=0.378*F3C#*6.95 
GO  TO  9 ft 

95  C=2.30*F3C**2.09 
GO  TO  98 

96  C=2.82*F3C**1.87 
GO  TO  98 

80  QPB57=-  1 .00 
GO  TO  99 

98  QBB57=C*Q( I ) *62 . 4 / (WSM( I ) *1 00000. ) 

99  0UMMY=99.0 

c  TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 

C  PRINT  GOT  OF  RESULTS 

IF (TAUCS.LT. 0.0. OR.TAU.LT. 0.0)  GO  TO  100 
TPS=T AU/TAUCS 
GO  TO  101 

100  T  R  S  =  - 1 . 00 

101  IF(VMCN.LT. 0.0. OR.VMT.LT. 0.0)  GO  TO  103 
VPN=VMT /VMCN 

GO  TO  3677 

103  VPN=- 1 .00 
3677  VMT  =  VM(  I  ) 

IF (VMCC. LT. 0.0. OR.VMT.LT. 0.0)  GO  TO  104 
VR  C - VMT / VMCC 
GO  TO  102 

104  VPC=-1.00 

102  IF( VRC.GT.O.OO)  GO  TO  105 
THR  E  S (  I ) =-1.00 

GO  TO  106 

105  THR E S ( I ) = VRC 

106  I F ( IPTEST.LE.O)  GO  TO  1 
IF ( IPTRAN.LF.O)  GO  TO  1 

I F ( I PTRAN.GF  .  1  )  GO  TO  3626 

3626  WPITE(IP,1105)  RCA(I) , CHF ZY, FF , CM ANN , C STR I C , F 8 , FS , VMT , VMOVS , T AU, 
1 TRS, VRN, VRC,QBS34,0BSD35,QBMPM,QBB57 
1105  FORM AT (•  *,1X,F5.0,F9.0,3F7.3,F7.2,F7.2,F6.2,F7.1,F7.2,F9.2,F7.2,F 

1B.2,F9.2,F8.2,F7.2,F7.2) 

IF(K.EQ*40)  GO  TO  705 
I F ( K . EO. 80  )  GO  TO  705 
GO  TO  1903 
705  W P I T F ( IP, 700) 

WRITE (IP,  11 01)  ( IOISCH( I  I ) ,  11=1  , 16) 

WP I TF ( IP, 1102) 

WP I TE (  IP, 1103) 

WRITE( IP, 1104) 

1903  K  =  K  + 1 

1  CONTINUE 
I PTEST  =  0 
RETURN 
END 


1RY  REQUIREMENTS  001AF8  BYTES 
b  PC  =  0 
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SUBROUT I NE  DFFEL(IRCA,IDA,ISF,IST,ITERR,IPCV8,IRCVW,IVFE,ICPAT,IIS 
1L»  ITYFL.  IBAR, I  S  I N  , I  DL  A ,  [BANKA, IPABLT  , IPARRT , I R  D  A  »  IDG90,  IDG65, IDG50 
2 *  I ELEMT ) 

r  THIS  SUBROUTINE  MUST  RE  CHANGED  WHEN  SETTING  UP  A  NEW  MASTER  ARRAY 

C  USUALLY  ONE  MASTER  ARRAY  WILL  BE  SUFFICIENT  FOR  ANY  PROJECT. 

C  DEFEL  =  SUBROUTINE  TO  DEFINE  THE  FLEMENT  NUMBERS  ASSOCIATED  WITH 

C  THF  VARIABLES  IN  THE  MASTER  A°  R  AY.  THE  FLEMFNT  NUMBERS 

C  FOR  VARIABLES  IRCA  TO  I0G50  IN  THE  PARAMETER  LIST  ARE 

C  PASSED  TO  THE  MAIN  PROGRAM,  SINCE  THEY  ARE  FREQUENTLY 

C  USED. 

C  I ELEMT=  TOTAL  NUMBER  OF  ELEMENTS  (  COLUMNS  )  IN  ARRAY 

DIMENSION  I T I TL  E ( 20 ) 

I  P=5 
I  P  =  6 

WRITE! IP, 10711 

1071  FORMAT!'  • , 1  OX , • DE F I N I T I  ON  OF  VARIABLES  CORRESPONDING  TO  THE  ELEME 
1NTS  IN  THE  MAJOR  DATA  SET'/) 

RE  AD (IR, 10 00)  IRCA, TBASIN, IDA, IESFAO, IYRFAD,  ISRC,  IREP,  ISF, IRDS, I  ST 
WRITE!  !P»1 00 )  IRCA, IBASIN,  IDA, IESFAO, IYRFAO,  ISRC,  IREP, ISF, IROS, 1ST 
P E AD ( I R , 2000  )  (  IT ITLF ( I  )  , 1  =  1 , 20) 

WRITE! IP, 200)  (  ITITLE!  I  )  ,1  =  1,20) 

RE  AD (IR, 1000)  I  INOP,  IQLM, IALM, IWSLM, IQF1, I AF1, IWSF1 , I0F2,  I AF2, IWSF 
12 

WRITE! IP, 100)  I  INOP, IQLM, IALM, IWSLM, IQFI»IAF1, I WS F 1 ,  IQF2, IAF2, IWSF 
12 

READ! IR, 2000  )  (  IT  I TLE ( I ) , I  =  1 , 20 ) 

WPITF! IP, 200)  (  ITITLE!  I  ),  1  =  1,20) 

RFAO! IR,  1000)  IQF3,IAF3,IWSF3,I0F4,IAF4,IWSF4,I0D1,IA01,IWSD1, I Q02 
WRITE(IP.IOO)  IQF3, IAF3, IWSF3, IQF4, IAF4, IWSF4, IQD1, IAD1,IWSD1, IQD2 
READ! IR, 2000 )  (  I  T I TL E (I)  ,  I =  1 , 20 > 

WRITE! IP, 200  )  (  ITITLE! I  ), 1  =  1,20) 

READ! I R,  1000)  I AD2 , I WS02 , I 0D3 , I  AD 3 , I WSD 3 , IQD4, IAD4, IWSD4, IQLLB, IAL 
1LP 

WRITEUP, 100)  I  AD2  ,  IWS02,  IQD3,  IA03,  IWSD3,  IQD4,  IAD4,  IWSD4,  IQLLB, I  AL 
1LP 

PFAD! IR.2000)  (  ITITLE!  I  )  ,1  =  1,20) 

WRITE!  IP, 200)  (  ITITLE ( I )  ,1  =  1,20) 

READ! I R,  1000)  IWSLLB, I R PLLB , I  DLL B , IQDLLB, IOVF,  I AV F ,  I W SV F ,  I  R PVF , I OV 
IF , I  00 VF 

WP ITE ( I R,  100)  I WSL LB, I  PPL  LB, I  DLL B, IQDLLB, IQ VF, I  A VF , I WSV F , I R PVF , I DV 
IF, IQDVF 

RFAD! IR,  2000)  (  IT  I  TLF (  I  )  ,  I = l , 20) 

WRITE ( IP,  200  )  (  IT ITLF (I)  ,  1=1, 20) 

RFAD! I R, 1000)  ITFRR , I PSLUM, I VT , IUNFIT, IRCVB, I RC VW , I VFP , I VF E , IC PAT , 
1  I  ISL 

WRITE ( I P, 100  )  ITFRR, I PSLUM,  I VT,  IUNFIT,  IRCVB, IRC VW, I VFP, I VFE, ICPAT, 
1  I  ISL 

READ! I R , 2000  )  (  I T I TLE (  I  )  ,  I  =  1 , 20 ) 

WPITE! IP, 200)  (  ITITLE  !  I )  ,  1  =  1 ,20) 

RFAD! I R, 1000)  I T Y F L , I B A R , I S I N , I TL A , I DL A , IBANK  A,  IBANKN,  IPABLT, I P ABR 
IT,  IVBANK 

WRI TF ( I P, 1 00)  I TYFL, IBAR, I  SIN, ITL A, I DL A , I  BANK  A,  IBANKN, IPABLT, I PABR 
IT , IVBANK 

PEAO! IR.200C >  (  IT  I TLE ( I ) , I = 1 , 20 ) 

WRITEUP, 200)  (  ITITLE!  I  ),  1=1,20) 
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PEADIIR,  1000)  IPBFOM, IROA, I NGRN, INGBNP, INS,  II  SAM,  IRS  AM, IDG90, I0G65 
1 , I0G50 

WP ITEI IP , 100  )  I PBFDM, I RDA, I NGBN, INGBNP, I N S , I L S AM , I R S A M, I0G90, 10G65 
1 , TDG50 

R  E  AO ( I R , 2000  )  (  IT  I TLE ( I)  ,  I =1 , 20) 

WRITE!  IP, 200)  (  IT  ITLE!  I  )  , 1  =  1, 20) 

I FL  EMT=  I 0G50 
1000  FORMAT ( 1014) 

2000  FORMAT ( 20A4) 

100  FORMAT!'  '  ,1  OX , ' ELEM.  #:',1X,10I8) 

200  FORMAT!'  ' , 10X , • ELEM.  NAME:  ',20A4/> 

RETURN 

END 
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c 
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c 

c 

c 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
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SUBROUTINE  GSCRNI N  A  ,  I  SC  RE  ,  I  T  ,  I  TT  ) 

GSCRN  -  SUBROUTINE  FOR  SCREENING  OF  DATA.  A  TEST  VECTOR  T(I)  IS 
INITIALLY  SET  TO  0.0.  IF  A  VARIABLE  RFING  SCREENED  IS 
ACCEPTABLE,  T!I)  =  1.0,  AND  IF  THE  VARIABLE  IS  NOT 
ACCEPTABLE  T( I )  =  -1.0. 

NA  =  TOTAL  NUMBER  OF  REACHES  IN  ANALYSIS. 

ISCRF  =  A  TEST  PARAMETER  TO  INDICATE  IF  A  PRINT  OUT  OF  THE 

ACCEPTED  REACHES  IS  NECESSARY.  THIS  IS  SET  I NTFRNALLY 
SUCH  THAT  ONLY  ONE  PRINT  OUT  OF  THE  SAME  CHARACTERISTIC 
D I  SC  HAP  GE  IS  GIVEN. 

IT  AND  ITT  APE  DEFINED  BELOW. 

C CM MON/ SUB 1 /ARRAY! 120,80) 

COMMON  RCA(120),0(120),AM(120),WSM(120),DM(120),VM(120),S(120) 
COMMON  DG90! 120 ) , DG65 ( 120 ) , 0G50I 120),VISK(120),THRES(120) 

COMMON  SC0R(120)*T(120) 

DIMENSION  ITITLE! 20) , Y( 120) 

I  R  =  5 
I  P  =  6 

604  REACH  R,  1001)  I  T ,  TTT  ,  I ELE  Ml  ,  BL 1 ,  UL 1 ,  I  EL  EM  2  ,  BL2  ,  UL  2  ,  I ELE  M3 ,  BL3,  UL3 
1001  FORMAT(2I2,I5,2F10.0,I5,2F10.0,I5,2F10.0> 

READ  DESCRIPTION  OF  SCREENING 
READ! IR, 1201 )( ITITLEI I ) ,1=1,20) 

1201  FORMAT ( 20 A4 ) 

IT=  TEST  TO  DETERMINE  IF  SCREENING  IS  TO  BE  CARRIED  OUT. 

I  T  =  0  SCPEFN 
I T= 1  END  OF  SCREEN 

ONLY  VALUES  OF  IT  =  0  AND  1  SHOULD  REACH  THIS  POINT. 

IT  LT.  0  NOT  ALLOWED;  WILL  CAUSE  EXIT  AFTER  AN  ERROR  MF  SS AGE 
IS  PRINTED.  THIS  ALSO  HOLDS  IF  IT  GT .  1. 

ITT  =  TEST  FOR  TYPE  OF  SCREENING 

ITT  =  1  SCREEN  ON  ONE  ELEMENT  ONLY  ( EL  EMI ) 

ITT  =  2  MUST  MEET  SCREENING  CRITERIA  FOR  FOP  IELFM1  AND  IELEM2 

ITT  =  3  MUST  MEET  SCREENING  CRITERIA  FOR  IELEM1,  I  ELF  M2  AND  IELEM3 

ITT  =  4  MUST  MEET  SCREENING  CRITERIA  OF  BL 1  AND  ULl  WHEN  THE  VALUE 
IN  THE  TWO  ELEMENTS  (IELEM1  AND  IELEM2)  ARE  ADDED. 

ITT  =  5  MUST  MEET  SCREENING  CRITERIA  OF  BL 1  AND  ULl  WHEN  THE  VALUE 
IN  THF  THREF  ELEMENTS  ( I  EL  EM 1 , I  EL  EM 2 , I  EL E M3 >  ARE  ADDED. 

ITT  =  6  REJECT  IF  SCREENING  CRITERIA  FOR  I E  L  E  M 1  IS  SATISFIED 

ITT  =  7  REJECT  IE  SCREENING  CRITERIA  FOR  IELEM1  AND  IELEM2 

IS  SATISFIED. 

ITT  =  8  REJECT  IF  SCREENING  CRITERIA  FOR  IELEM1,  I ELE  M2  AND  IELEM3 
IS  SATISFIED 

I F  C  IT.LT.O.OR. IT.GT.l )  GO  TO  900 
I F ( ITT.LT. l.OR. ITT.GT.8 )  GO  TO  900 
IFIIT.EQ. 1. AND. ISCRE.EO.O)  GO  TO  603 
TF(IT.EO.O)  GO  TO  602 
I F ( IT.EQ.l)  GO  TO  605 
60?  WRITFI IP,10C3)  IELEM1 ,BL1,UL1 , ITT 
1003  FORMAT (  '  • , 1  OX ,  ' SC R E E N I NG  ON  FLEM  #  ',14,*  ;  LOWER  BOUND  =',F12.3, 

1*  ;  UPPER  BOUND  =•,012.3,*  ;  TEST  TYPE  =',I4) 

IF( ITT. EO. l.OR.  ITT.F0.6)  GO  TO  300 

IF{ ITT. EQ.2.0R. ITT .EQ.4.0R. ITT.E0.7)  GO  TO  303 

GO  TO  301 

303  WRITE! IP,  1003)  I F LF M2 , B L2 , UL 2 , I TT 

301  IF! ITT. EO. 3. OR. ITT. EO. 5. OR. ITT. FO. 8)  GO  TO  304 


' 
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GO  TO  300 

304  WRITFI IP, 1003)  IELEM2,RL2,UL2, ITT 
WRITE! I P, 1003)  IEI EM3,BL3,UL3, ITT 
300  WRITE! IP, 1004)  (  ITITLF! I ) ,1  =  1,20) 

1004  FORMAT!'  «  ,  1 0 X , • OE SC R I P T I ON :  *,20A4/) 

C  ACCEPT  IF  WITHIN  ROUNDS  BL  AND  UL  (INCLUDES  BL  AND  UL ) 

0  FOR  I TT=  1,2, 3, 4, 5 

C  REJECT  IF  WITHIN  BOUNDS  BL  AND  UL  (INCLUDES  BL  AND  UL ) 

C  FOR  I  TT=  6,7,8 

I  SCR  E=  1 
DO  601  1  =  1, NA 
I  F  (  T  {  I)  .  L  T  .0.0)  GO  TO  80 
IF(  ITT.EQ.l)  GO  TO  70 
IE ( ITT. EQ. 2)  GO  TO  71 
IF ( ITT.E0.3)  GO  TO  72 
IF (  ITT. E0.4)  GO  TO  73 
IF!  ITT.E0.5)  GO  TO  74 
IF!  ITT. E0.6)  GO  TO  75 
IF!  ITT.E0.7)  GO  TO  76 
IE!  ITT. EQ. 8 )  GO  TO  77 

70  I F( ARP  AY! I  ,  IFLEM1 ) .GE.BL1. AND. ARRAY ( I , IELEM1 )  .LE.UL1 )  GO  TO  207 
GO  TO  80 

71  IF! ARRAY!  I,  I  EL  EMI  ) . GF . BL 1 . A ND . AP R A Y ( I ,  I  EL  EM  1 ) . LE . UL1 . AND. ARRAY ( I ,1 
1ELEM2) . GE  .BL2. AND. ARRAY! I ,  I ELEM2 ) .LE.UL2 )  GO  TO  207 

GO  TO  80 

72  I F( ARP AY(  I  , IELEM1 ) .GE.BL1 . AND. ARRAY! I ,  IELEM1  )  . L E . UL 1 . AND . A RR AY ( I  ,  I 
1ELEM2) .GE.RL2. AND. ARRAY! I , I ELEM2) .LE.UL2. AND. ARRAY! I, IELEM3) .GE.BL 
13. AND. ARR AY! I , I ELEM3) . LE.UL3 )  GO  TO  207 

GO  TO  80 

73  CTEST2=ARRAY  (  1  ,  I  EL  FMl  )  4-ARRAY  (  I  ,  IELEM2) 
IF(CTEST2.GF.BL1.AND.CTEST2.LE.UL1)  GO  TO  207 
GO  TO  80 

74  CTFST3=ARRAY( I , IELEM1 I+ARRAY! I , IELEM2) +ARRAY! I , IELEM3) 
IF(CTFST3.GF.BL1.AND.CTEST3.LE.UL1)  GO  TO  207 

GO  TO  80 

75  IF! ARRAY! I , I ELEM1 ) .GE.BL1. ANO. ARRAY! I , IELEM1 ) . LE.UL1 )  GO  TO  80 
GO  TO  207 

76  IF ( ARRAY! I , IELEM1 ) .GF.BL1 . AND. ARRAY ( I , I  EL  EM  1 ) . L E . UL 1 . AND . ARR AY ( I  ,  I 
1  El  EM2) .GE.BL2. AND. ARRAY! I , I ELEM2) .LE.UL2 )  GO  TO  80 

GO  TO  207 

77  1F(ARRAY(I,IELEM1) . GE  .  BL 1 . AND. ARR AY (I,IELFM1).LE.UL1 .AND. ARRAY! I , I 
1ELEM2) .GE.BL 2. AND. ARRAY! I,IELEM2).LE.UL2.AND.ARRAY(I,IELEM3).GE.BL 
13.AND.APRAY(I, I  EL E M3 ) . L E . UL 3 )  GO  TO  80 

207  T( I )- 1 .00 
GO  TO  601 
80  T ( I ) =- 1 • 00 
601  CONTINUE 

C  T  SHOULD  ONLY  HAVE  VALUES  OF  -1.00  OR  1.00  AT  THIS  POINT. 

GO  TO  604 
603  WRITE! IP, 1206) 

1206  FORMAT! 'O' , 10X, 'NO  FURTHER  SCREENING  USED'/) 

GO  TO  900 
605  WRITE! IP, 1202) 

1202  FORMAT! 'O' , 10X, 'CODE  NUMBERS  REMAINING  AFTER  ALL  SCREENING  TO  THIS 
1  POINT*/) 
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ICNT=1 

00  700  I  =  1 ,  N  A 
I F ( T ( I) . GT  .0.0)  GO  TO  701 
GO  TO  700 
701  Y(!CNT)=I 

I CNT  =  l CNT  + 1 
700  CONT I  NOE 

I T  ST= I CNT-  1 
I TSTB= l 
I T  STE=  20 

708  IF( ITST.GT.ITSTF)  GO  TO  703 

WRITE (IP,  1  203)  (Y(  I),  I=ITSTB,ITST) 

1203  FORMAT ( '  •  , 1  OX , 20F 5 . 0 ) 

GO  TO  704 

703  WRITE ( IP, 1  203)  ( Y (  I) ,  I  =  l  T STB ,  I TST E ) 

I TSTB=T  TSTB+20 

I TSTE=I TSTF+20 
GO  TO  705 

704  WRITE!  IP,  1204)  ITST 

1204  FORMAT ( •  ',10X, 'TOTAL  NUMBER  SATISFYING  TESTS  =',I4) 

900  RETURN 

END 
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SUBROUTINE  FWORKV! IRCA,IQ,IAM,IWSM,ISF,IST,  IDG90, IDG65, I0G50, 1  TERR 
1,  !  I  SL, ISIN,NA) 

FWORKV  =  SUBROUTINE  USFO  TO  FILL  WORKING  VECTORS. 

I  PC  A  =  THE  ELEMENT  NUMBER  IN  THE  MASTER  ARRAY  WITH  THE  REACH 
NUMBFR. 

10  =  THE  ELEMENT  NUMBER  IN  THE  MASTER  ARRAY  WITH  THE  SPECIFIED 

DISCHARGE. 

I  AM  =  THE  ELEMENT  NUMBER  IN  THE  MASTER  ARRAY  WITH  THE  SPECIFIED 
X-SECTIONAL  AREA. 

IWSM  =  THF  ELEMENT  NUMBER  IN  THE  MASTER  ARRAY  WITH  THE  SPECIFIED 
WATER  SURFACE  WIDTH. 

ISF  TO  I S I N  ARF  THE  ELEMENT  NUMBERS  IN  THE  MASTER  ARRAY  AS 
DEFINED  IN  THE  SUBROUTINE  DEFEL. 

NA  =  THE  TOTAL  NUMBER  OF  REACHES  IN  THE  ANALYSIS. 

COMMON /SUP  1/ ARRAY! 12  0,80) 

COMMON  RCA( 120) ,0(  120 ) , AMI  120) ,WSM( 120) ,DM( 120) , VM( 120) ,S( 120) 
COMMON  OG90I 120 ) ,DG65 ( 120) , DG50I 120 >,VISK(120),THRES(120> 

COMMON  SCOR  1 120) ,T( 120) 

FILL  UP  WORKING  VECTORS 
00  499  1  =  1  , NA 

I  F ( T ( I ) .LE.O.OI  GO  TO  420 
RC A(  I  )=ARP  AY ( I ,  IRCA) 

0(1 )  =  ARR  AY ( I ,10) 

AM ( I )  =  ARR AYI I , I  AM) 

WSM< I ) =ARR AYI  I , IWSM) 

IFIARRAYI I , ISF) .GT.O.O)  GO  TO  402 
IF! ARRAY! I, 1ST) .GT. 0.0)  GO  TO  403 
SI  I ) =- 1 . 0 


402 

403 

404 


GO  TO  404 

S( I )  =  ARP  AY  I  I, ISF) 

GO  TO  404 
S ( I  )= ARR  AY  I  I , 1ST) 

DG90I I )=ARR AY! I , IDG90) 

DG6  5 ( I ) = ARR  A Y (  I , IDG65) 

DG50! I )=ARRAY( I , IDG50) 

COMPUTE  VISCOSITY  BASED  ON  AVERAGE  WATER  TEMPERATURES 
TERRAIN 

IE! ARR AY (I, ITERRJ.LT. -0.1. AND. ARR AY! I,ITEPP).GT.6.0l) 
IF ( APR  AY ( I , I TERR) .LT. 1.01 . AND. ARRAY! I , I  TERR ) .GT.0.99) 
IF ( APR  AY ( I , ITFRR) .LT.3.01. AND. ARRAY! I , ITERR ) .GT.l .99) 
IF ( ARRAY! I  , I  TERR) . L T . 6 . 0 1 . AND . ARR AY ( I , I T ERR ) . GT . 3. 99 ) 


IN 

DIFFERENT 

GO 

TO 

405 

GO 

TO 

406 

GO 

TO 

407 

GO 

TO 

40  8 

405  V  I SK ( I ) =- 1  .0 
GO  TO  409 

406  VISK! I >=0.0000166 


GO  Tn  409 

407  VISK! I )=0. 0000154 
GO  TO  409 

408  VISK! I )=0. 0000141 

409  IF (WSM( I ) .LE. 0.0. OR. AM! I ) .LE.O.OI  GO  TO  410 
DM ( I >  =  AM(  I  J/WSMI  I  ) 

GO  TO  411 

410  DM! I  )=-l  .0 

411  I F ( AM! I ) . LE. 0.0. OR .01  I ) .LE.0.0 )  GO  TO  412 
VM ( I ) =0 ( I) /AM! I > 

GO  TO  4114 


n  o 
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412  VM( I  1 =- 1 . 0 

4114  I F ( ARR AY ( I  ,  I  ISL  )  .LT.-0.01 . OP. ARRAY! I , 1 1 SL ) .GT.4.01 )  GO  TO  86 
TF ( ARR AY(  I , I S I N ) . LE.O.O. OR. ARP  AY ( I , I  SIN) . GT .4.00 )  GO  TO  86 
IF ( ARR AY(  I  ,  I  ISL  ).LT.1.01. AND. ARRAY! I  f I  I SL) .GT.-0.01 )  GO  TO  87 
I  F  (  ARR  AY  (  I  ,  I ISL  )  .LT.  2.01.  AND.  ARRAYU  ,  I  I  SL  )  .  GT.  1 .99)  GO  TO  88 
I F ( ARR AY( I , I ISL ) .IT. 3.01 . AND. ARRAY ( I , I ISL ) . GT .2.99)  GO  TO  89 
I  F  (  ARP  AY(  I  ,  I  ISL  )  .LT. 4. 01. AND.  ARRAYU  ,  I  I  SL  )  .GT.3.99)  GO  TO  90 
87  SCOR( I )=0.?5  +  APRAY(  I,  ISIN) 

GO  TO  400 

8  8  SCOR ( I  )=1.2*(0.25+ARRAY( I , ISIN) ) 

GO  TO  400 

89  SCOR (I )=2.0*(0.25+ARRAY(  I, IS  IN)) 

GO  TO  400 

90  SCOR (I )=?.8*(0.25+ARRAY( I« ISIN)  ) 

GO  TO  400 

86  SCOR ( I ) =- 1 . 0 

I  T I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  II  I  I  I 

THRESHOLD  -  COOPER  (1970) 

400  JF(0M<  I)  . LF. 0.0. OR. DG50U). LE.O.O)  GO  TO  40 
RATC=305.*DM( I ) /DG50( I ) 

I F (RATC.LT  .4.0 )  GO  TO  40 

IF(RATC. GF. 4.0. AND.RATC.LT. 150. )  GO  TO  41 
IF(RATC.GE. 150.0. AND. RATC.LT. 1000.)  GO  TO  42 
I FIRATC. GE. 1000.0. AND.RATC.LT. 3000.  )  GO  TO  43 
IF (RATC.GF.3000. )  GO  TO  40 

41  VMCC=1 .48*DM( I ) **0 . 1 3 3*0G50 ( I ) **0. 367 
GO  TO  44 

42  VMCC=1 . 26*DM< I ) **0 . 304*0G50 ( I )**0. 196 
GO  TO  44 

43  VMCC=1 . 17*DM( I ) ** 0 . 37 7* DG50 ( I ) **0.123 
GO  TO  44 

41  VMCC=-1 .00 

44  IF ( VMCC. LE.O.O. OR. VM( I  ). LE.O.O)  GO  TO  104 
VRC=VM( I ) /VMCC 
GO  TO  102 

104  VRC=-1 . 00 

10?  I F ( VRC.GT.O.OO)  GO  TO  105 
THRESI I ) =- 1 . 0 
GO  TO  106 

105  THR F S ( I ) =  VRC 

C.  I  1 1  I  1 1  III  I  I  1 1 1  I  I  I  I  I  I  I  1 1  I  1 1 1  I  I  I  I  1 1  1 1  I  1 1  I  I  1 1 1  1 1 1  1 1 

106  GO  TO  499 
420  0(1) =— 1.0 

AM ( I ) =-] • 0 
W  S  M ( I ) =-1.0 
S  ( I  )  =- 1 • 0 
DG90 ( I )=-1.0 
DG65 ( I )=-l  .0 
DG5 0 ( I ) =-l  .0 
V I SK ( I ) =- 1.0 
DM ( I ) =- 1.0 
VM «  I  )  —1.0 
SCOR ( I )=— 1.0 
THR  F  S ( I ) =— 1.0 
499  CONTINUE 
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RETURN 

END 
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SUBROUTINE  SCR  N  (  N  ,  C  0D  F  ,  Y  ,  X  1 ,X2,X3,NA,NAS) 

C  SCRN  =  SUBROUTINE  FOR  SCREENING  OATA  IN  PREPARATION  FOR  USING 

C  SUBROUTINES  C OE F V , F L A S , PH  I  ST , SORTD ,  L SOFT  ,  R E GR E  . 

C  ALL  OATA  TO  BE  SCREENED  MUST  BE  SET  TO  0.0  BEFORE  CALLING 

C  THIS  SUBROUTINE.  THIS  WILL  BE  DONE  BEFORE  CALLING 

C  SUBROUTINE  PRMA,  PRLS,  PR  MR  SINCE  SCRN  IS  CALLED  BY  THESE 

C  SUBROUTINES. 

C  N  NUMBER  OF  VARIABLES  TO  BE  SCREENED. 

C  N  =  1  FOR  COE F V 

C  N  =  2  FOR  L SOFT 


c 

N  =  3  OR  4 

FOR  REGPE 

c 

CODE 

= 

OUTPUT  VECTOR  FOR  REACH  NUMBERS  AFTER  SCREENING 

c 

c 

Y 

= 

INPUT  VECTOR  BEFORE 
SCREENING. 

SCREENING 

AND  OUTPUT  VECTOR 

AFTER 

c 

c 

XI 

INPUT  VECTOR  BEFORE 
SCPFFNING. 

SCREENING 

AND  OUTPUT  VECTOR 

AFTER 

c 

c 

X  2 

= 

INPUT  VECTOR  BEFORE 
SCREENING. 

SCREENING 

AND  OUTPUT  VECTOR 

AFTER 

c 

c 

X3 

INPUT  VECTOR  BEFORE 
SCREENI NG. 

SCREENING 

AND  OUTPUT  VECTOR 

AFTER 

c 

NA 

- 

LENGTH  OF  VECTORS  Y 

,  XI  , X2 , X3  * 

BFFORE  SCREENING 

c 

NAS  = 
COMMON 

LENGTH  OF  VECTORS  Y 
RCA (120) 

,  XI, X2.X3, 

AFTER  SCREENING 

DIMENSION  CODE ( 120) *Y( 120) «  XI ( 120) .X2( 120) *  X3 (  120) 
DIMENSION  YA(120),X1A(1?0),X?A(120),X3A(120) 

I  P  =  6 

IF(N.LT.l)  GO  TO  5 
IF(N.EO.l)  GO  TO  6 
IFIN.EQ.2)  GO  TO  7 
IFIN.F0.3)  GO  TO  8 
IF ( N.F0.4)  GO  TO  13 
GO  TO  9 

6  DO  10  1=1, NA 

xim  =  i.o 

X2( i ) = 1 . o 
X3(  I  )  =  1.0 

10  CONTINUE 
GO  TO  13 

7  DO  11  1=1, NA 
X  2  (  I  )  =  1 . 0 
X3( I ) = l . 0 

11  CONTINUE 
GO  TO  13 

8  DO  12  1=1, NA 
X3 ( I ) =1 .0 

12  CONTINUE 

13  K=  1 

DO  2  1=1, NA 
IF(N.EO.l)  GO  TO  41 
IF(N.FQ.2)  GO  TO  42 
I  F ( N. EQ. 3 )  GO  TO  43 
IF(N.GE.4)  GO  TO  44 

41  !F(Y< I ) .EO.O.O)  GO  TO  2 
GO  TO  1 

42  I F( Y( I ) . EO.O.O. AND. XI ( I ) .EO.O.O)  GO  TO  2 
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GO  TO  1 

43  I F ( Y( I) . FO.O.O. AND. XI ( I ) .EQ.O.O. AND. X2 ( I ) . EQ.O. 0)  GO  TO  2 
GO  TO  1 

44  I F<  Y! l ) . EO.O.O. AND. XI ( I ) . EO . 0 . 0 . AND . X2 ( I) . EO.O .0 . AND . X3 ( I) . EQ.O.O) 
1  GO  TO  2 

1  Y  A  (  K )  =  Y ! I ) 

X1A(K)=X1( I) 

X2A(K)=X2( I) 

X3A!K)=X3! I) 

CODE ( K )  =  RC  A( I) 

K  =  K  1 

2  CONTINUE 
NAS=K-1 

DO  47  I  =  1  ,  NA  S 
Y ! I  I =Y A (  I  ) 

XI (  I  )  =  X  1  A  !  I  ) 

X 2 ( I )  =  X2 A (  I) 

X3(  U=X3Al  I ) 

47  CONTINUE 

C  PRINT  OUT  THE  NUMBERS  OF  REACHES  MEETING  SCREENING  CRITERIA 

I  R-  1 
I  F=20 

IF(NAS.FO.O)  GO  TO  21 
22  IF (NAS.GT. IF)  GO  TO  20 

WRITE! I P  »  30 )  (CODE! I ). 1=18* NAS) 

30  FORMAT! •  • , 10X , 20F6 . 0 ) 

GO  TO  21 

20  WRITEUP, 30)  ! COD F (I ) , I = I B , I E I 
I B= I R+  20 

I E= IF+20 
GO  TO  22 

21  WRITEUP, 31)  NAS 

31  FORMAT! 'O' ,10X, 'TOTAL  NUMBER  OF  REACHES  USED  IN  THIS  ANALYSIS  = • , I 
14) 

GO  TO  33 
5  NAS=-1 
GO  TO  33 
9  N A  S  =  - 1 

WRITE! IP, 32) 

3?  FORMAT (• O' ,10X, 'N  IS  GREATER  THAN  THE  MAX.  NO  OF  VARIABLES  (4)  •) 

33  RETURN 
END 


IORY  REQUIREMENTS  000F88  BYTES 
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SUBROUTINE  PRMA<Y,NA,NAS,AMAX,AMIN) 

C  PPMA  =  SURROUTINF  TO  SCREEN  DATA,  TO  DETERMINE  MEAN,  STANDARD 

r  DEVIATION,  COEFFICIENT  OF  VARIATION,  CONFIDENCE  LIMITS 

C.  AND  THF  MAXIMUM  AND  MINIMUM  VALUES  OF  THE  VARIABLE  Y  AFTER 

C  SCREENING,  AND  FINALLY  TO  PRINT  OUT  THE  RESULTS. 

C  Y  =  INPUT  VFCTOR  OF  LENGTH  NA 

C  NA=  THF  LENGTH  OF  VECTOR  Y  BEFORE  SCREENING 

0.  N A S=  LENGTH  OF  VECTOR  Y  AFTER  SCREENING 

C  A M AX=  MAXIMUM  VALUE  IN  VECTOR  Y  AFTER  SCREENING 

C  A M I N=  MINIMUM  VALUE  IN  VECTOR  Y  AFTER  SCREENING 

COMMON  R  C  A ( 1 20  I 

DIMENSION  CODE! 120),Y(120),X1(120),X2(120),X3(120> 

I  P=6 

WRITE!  IP, 100) 

100  FORMAT! 'O'  ,10X, 'RFACH  NUMBERS  USED  IN  THIS  ANALYSIS'/) 

NV AR= 1 

CALL  SCRN! NVAR,CODE,Y, X1,X2,X3,NA,NAS) 

IF(NAS.LT. 3)  GO  TO  1 

CALL  COFFV(Y,NAS,YM, SDY,YC0V,B95CL, U95CL ) 

CALL  FLAS IY, NAS, AMAX, AMIN) 

WRITE! IP, 101 )  YM,B95CL,U95CL,NAS 

101  FORMAT ( 'O' ,10X, 'MEAN  A  =',F8.3,'  ;  95?  C.L.  FOR  MEAN  =',F8.3,' 

1FP. 3, •  ;  N  =• , 14) 

WRITE! IP, 102)  YM,SDY, YCOV,AMIN, AMAX 

102  FORMAT! 'O' ,10X, 'MFAN  A  =',F8.3,'  ;  ST.  DEV.  =',F8.3,'  ;  COEF.  OF  V 

1 A  R .  =  *  , F5. 3, '  ;  MIN. UMAX.  =',F8.3,'  ,',F8.3) 

1  WRITE! IP, 103) 

103  FORMAT  (  'O'  ,  10X,  • - * - 

1 - »  ) 

WPITF! IP, 109) 

1  Q9  FORMAT!  '  '  f  10X  ,  '♦♦'(i*********************************************** 

WRITE! IP, 110) 

110  FORMAT! •  • - - - 

1 - '//) 

RETURN 

END 


DRY  RFOU I PFMENT S  C00C6C  BYTES 
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C 

C 

C 

C 

c 

c 

c 

c 

c 

c 


SURROIJT  INF  COPFVI  X  ,  NT  ,  XM  ,  SOX  ,COVX  ,  R9  5CL  M ,  U9  5CL  M  ) 

COEFV  =  SUBROUTINE  TO  COMPUTE  MEAN,  STANDARD  DEVIATION,  COEF¬ 
FICIENT  OF  VARIATION,  AND  THE  95?  CONFIDENCE  LIMITS  FOR 
THE  VARIABLE  X. 

X  =  INPUT  VECTOR  OF  LENGTH  NT. 

NT  =  LENGTH  OF  VECTOR  X  (  AFTER  ALL  SCREENING  ) 

XM  =  MF AN  OF  VECTOR  X 

SDX  =  STANOARD  DEVIATION  OF  VECTOR  X  {  UNBIASED  EST.  ) 

C.OVX  =  COEF.  OF  VARIATION  OF  X 
B95CL  M  =  LOWFR  95?  CONF.  LIM.  FOR  MEAN  XM 
U9  5C  L  M=  UPPER  95?  CONF.  LIM.  FOR  MEAN  XM 
DIMENSION  X ( 120 ) 

DIMENSION  TT (34),N0FT( 34) 

DATA  TT/ 12. 706, 4. 303, 3. 182, 2. 776,2.571 , 2.447,2.365,2.306,2.262,2.2 
128,2.201,2.179,2.160,2.145,2.131,2. 120,2.110,2.101,2.093,2.086,2.0 
280,2.074, 2.069,2.064,2.060,2.056, 2. 052, 7. 04 8, 2. 04 5, 2. 04 2, 2. 021, 2.0 
300, 1.980, 1 .960/ 

DATA  NDFT/1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 
1, 23, 24, 25, 26, 27,28, 29, 30,40,60, 120, 100000/ 

XM=0. 0 
X  MM=0 • 0 
DP  1  1=1 , NT 
XM=XM+X ( I ) 

XMM=XMM+X(  I  )*X(  I  ) 

1  CONTINUE 
A  N  T  =  N  T 

CTEST=ANT*XNM-XM*XM 

IF ( CTEST. GT .-0.00000001 . AND. CTFST.LT. 0. 00000001 )  GO  TO  17 
SDU=1. /ANT*SQRT ( ABS ( A  NT* XMM-XM*XM ) ) 

SrX=SDU*SORT ( ANT/ ( ANT -1.0) ) 

XM=  XM/ ANT 
CPVX=SDX/XM 
NDF-=NT-  1 

IF(NDF.LE.O)  GO  TO  10 
K  =  1 

14  IF(NDF.GT.NDFT(K) )  GO  TO  15 
DF=NDF 

DF  TU=MDFT ( K ) 

DFTL  =  NDFT ( K-  1 ) 

T=TT ( K— 1 )+(TT(K)— TTCK-1) ) / ( DFTU-DFTL ) * ( OF-DFTL ) 

GO  TO  16 

15  K=K+l 

GO  TO  14 

16  B95CLM=XM-T*S0X/S0RT( ANT) 

U95CLM=XM+T*SDX/S0RT( ANT) 

GO  TO  11 

17  SDX=0. 0 
C0VX=0.0 

10  B95CLM=-1 .0 
UR5CLM=-1.0 

11  RFTURN 
END 


ORY  REQUIREMENTS  0005CC  BYTES 
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SUBROUTINE  FL AS ( X , NT , AL , AS ) 

FLAS  =  SUBROUTINE  TO  DETERMINE  THE  LARGEST  AND  SMALLEST  VALUES 
OF  THE  VECTOR  X. 

NT  =  LENGTH  OF  THE  VECTOR  X. 

X  =  INPUT  VECTOR  OF  LENGTH  NT  (  AFTER  ALL  SCREENING  ) 

AL  =  LARGEST  VALUE  IN  VECTOR  X 
AS  =  SMALLEST  VALUE  IN  VECTOR  X 
DIMENSION  X ( 120) 

AL=X( l) 

J=1 

IFINT.EO. 1  )  GO  TO  7 
DO  6  I -2 . NT 
T  F ( X ( I) .LE.AL)  GO  TO  6 
AL  =  X<  T ) 

J=I 

6  CONTINUE 
A  S=  X ( 1 ) 

J=1 

IF(NT.EQ.l)  GO  TO  7 
DO  8  1=2, NT 
IF(Xd).GE.AS)  GO  TO  8 
A S=X<  I) 

J=! 

8  CONTINUE 

7  RETURN 
END 


ORY  REQUIREMENTS  000264  BYTES 


' 


n  r>  o 
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SL'RR  OUT  INF  PHI  ST ( X , N , X  MAX , XM I N ) 

PH  I  ST  =  SUBROUTINE  TO  GIVE  FREQUENCY  DISTRIBUTION  OF  ONE  VARIABLE 
X=  INPUT  VECTOR  OF  LENGTH  N 
N  =  LENGTH  OF  THE  VECTOR  X 
XM  A  X=  LAPGFST  VALUE  IN  THE  VECTOR  X 
C  XM  I  N  =  SMALLEST  VALUE  IN  THE  VECTOR  X 

DIMENSION  X( 120), FREQ (20) .BOUNDL ( 20 ) ,BOUNDU ( 20 ) , XM I D ( 20 ) , F XM I D ( 20 ) 
DIMENSION  FXMSQ(20),RELF(20 ) , CUMF ( 20 ) , CR FR E ( 20 ) , XOI 120) 

I END-N 

I F ( IEND.E0.0)  GO  TO  299 
T  END=N 

I F (  IEND.LE.9  )  GO  TO  670 
C  FIND  APPROXIMATE  NUMBER  OF  DIVISIONS 

D I VN=  SQ°  T ( TEND ) 

IF(DIVN-5.l)20,20,21 

20  D I VN=  5.0 
GO  TO  22 

21  IF ( DIVN-15.0  )22?22,23 

23  D I VN= 15. 

C  DIVISION  INCREMENT 

22  D I  V  I = ( XMAX-XMINJ/DIVN 

C  FIND  EVEN  LIMITS  FOR  THE  BOUNOS 

NT=7 

30  TF  S  T= 1 0 . 0**NT 
IF(DIVI-TEST)31,32,32 

31  NT=NT- 1 
GO  TO  30 

32  IF(DIVl-7.5*TEST)35t36,36 

36  DIVI=10.0*TFST 
GO  TO  40 

35  IF(DIVI-?.5*TEST)37, 38,38 
38  D I  V  1  =  5 .0*TEST 
GO  TO  40 

37  DIVl=TEST 

C  FIND  STARTING  POINT 

40  STAR=XMIN/Dl VI 
I  STAR  =ST AR 
STA= l STAR 
ST ART=STA*DIVI 
BOUNDL ( 1 ) =  ST  AR  T 
131  BOUNDU( 1 )=START+DI VI 

X  M I D ( 1 )=( BOUNDL ( 1 )+BOUNDU( 1 ) )/2.0 
N=  1 

52  IF( XMAX-ROUNDL I N) )50,51,51 
51  N  =  N+1 

IFIN.GT.19)  GO  TO  130 
GO  TO  152 
130  D I  V I  =  2 • 0*0  I V I 
GO  TO  131 
152  NUP=N— 1 

BOUNDL ( N ) =ROUNDU(  NUP) 

ROUNDlJ  (  N  )  =  BO  UN  DU  (  NUP  )  +DIVI 
XMI  D(N)=(  BOUNDL  (  N)  +B0UNDIJ(N  )  )/2.0 
GO  TO  52 
50  N I =  N- l 
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C  SORT  DATA  INTO  INTERVALS 

DP  58  N=1 ,  NT 
F  PEQI N ) =0. 0 
58  CONTINUE 

OP  60  N= 1 »  N I 

DO  70  1  =  1, I  END 

I F(X( I ) -ROUNOL ( N) 170,81,81 

81  IF(Xm-BCUNDU(N)  >82,70,70 

82  FPEQ(N)  =  FPEO(N)M.O 
70  CONTINUE 

60  CONTINUE 

C  SUM  ALL  TERMS  FOR  COMPUTING  MEAN  AND  VARIANCE 

SFRFQ=0. 0 
SF  XM I  0  =  0 . 0 
SFXMSQ=0.0 
DO  80  N=  1 ,  N I 
SFREQ=SFREO+FREQ(N) 

FXMID(N) =FREO(N)*XMIO(N) 

SFXMID=SFXMID+FXMID(N) 

FXMSO(N)=FREQ(N)*XMIO(N)*XMin(N) 

SFXMSO=SFXMSO>FXMSO(N) 

80  CONTINUE 

RELF( 1 )=FREQ< 1 ) /SFREO 
SUMREF=RELF( 1 ) 

CUMF( 1 >=FREQ( 1 > 

CRFRF( l )=FREO( 1 )/SFREO 
DO  90  N=  2 , N I 
RELF(N)=FPEO(N) /SFREO 
SUMREF=SUMRFF+RELF (N) 

NZ=N-1 

CUMF(N)  =CtJMF(NZ  )  +FREOIN) 

CRFRF (N) =CUMF( N ) /S  FREQ 
90  CONTINUE 

C  COMPUTE  MEAN  AND  VARIANCE 

XMEAN=SFXMID/SFREQ 

V A R=( SFXMSO-I SFXMID*SFXMID) /SFREO)/ (SFREO- 1 .0> 

SVAR=ABS( VAR ) 

SOEV=SQRT( SVAR) 

C  PRINT  OUT  RESULTS 

670  WPI TF  (6,601  ) 

601  FORMAT (• 0* , 10X, 'FREQUENCY  DISTRIBUTION  OF  ONE  VARIABLE'/) 

WRITE  (6,603)  IENO 

603  FORMAT( 10X, 'NUMBER  OF  DATA  POINTS  =',I5/) 

WRITE  (6,604) 

6C4  FORMAT( 10X, 'DATA  USED  IN  THE  ANALYSIS'/) 

WRITE  (6,605 ) ( X (  I  )  ,  1  =  1 ,  IEND) 

605  FORMAT { •  •  ,  1  OX , 8F 1 5 . 4 ) 

I F ( IEND.LE.9)  GO  TO  199 
WR I TE ( 6  »  607 ) 

607  FORMAT ( ' 0 • » 1 8X ,  '  ROUNDS  MID-POINT  FREQ. F 

1  REL.FREO.  CUM.  FREQ.  CUM.REL.  FREQ.') 

DO  100  N=  1  ,N I 

WR I TF  (6,608)  BOUNDL ( N ) , BOUNDU ( N ) , XM I D ( N ) , FRFO ( N ) , R ELF ( N ) , CUMF ( N ) , 
1CRFRE(N) 

608  FORMAT ( l OX,  FI  5. 4, '-' , 2F 1 5 . 4 , F 10 . 0 , F 1 5 . 4 , F 1 0 . 0 , F 1 5 . 4 ) 


. 
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100  CONTINUE 

W R I TF ( 6  ,  60  9  I  SFRFQ, SUMREF 
509  FORMAT! 'O' ,23X, 'TOTALS' .26X.F10.0, F15. 4//) 

199  N= I ENO 

CALL  SORTDIN, X.XO) 

NMED=N/2+l 
XMEO=XO( NMED) 

W  P I T  F ( 6 , 700 )  XMEO 

700  FORMAT (• 0 ' *  9X  »  ' MFD  I  AN  =',F15.4) 

I F ( IEN0.LE.9)  GO  TO  195 
WRITE  (6,610)  XMEAN 

610  FORMAT!  10X,  • AVERAGE  OF  GROUPEO  DATA  =',F15.4) 

WR I TE ( 6 , 6 1 1 )  VAR 

611  FORMAT! 10X, 'VARIANCE  OF  GROUPED  DATA  =',F15.4) 

WRITE  (6,61?)  SDE V 

61?  FORMAT! 10X, ' STANDARD  DEVIATION  OF  GROUPED  DATA  =',F15.4/1 
1 95  WPI TF(6,650) 

653  FORMAT ( •  •  ,  10X ,  • - - - 

1 - ,  ) 

WPI TE ( 6 , 65 1 ) 

651  FORMAT!  '  •  ,  10X  ,  • ************************************************** 

1 **********#********♦$****** • ) 

WR I TE ( 6 , 650) 

299  RETURN 
ENO 


lORY  REQUIREMENTS  0010RC  BYTES 


no  non 


J48 


G  COMPILER  SORTD  07-12-71  21:44.23  PAGE  0001 

SUBROUT  T  NF  SOP TD( N , X , XD ) 

SOPTO  =  SUBROUTINE  TO  SORT  VALUES  IN  DESCENDING  ORDER. 

N  =  LENGTH  OF  VFCTOR  X 

X  =  INPUT  VECTOR  OF  LENGTH  N 

XD  =  OUTPUT  VECTOR  OF  LENGTH  N  WITH  VALUES  OF  THE  VECTOR 

ARRANGED  IN  DESCENDING  ORDER. 

LOGICAL  CHANGE 
DIMENSION  X( 120),XD( 120) 

DO  10  1  =  1,  N 
XD (  I  )  =  X (  I  ) 

10  CONTINUE 
MD  =  N- 1 

IF(MO.LT.l)  RETURN 

1  CHANGF=. FALSE. 

2  DO  3  1=1, MD 
J=I  +  l 

I F ( XD( I ).GE.XO( J) )  GO  TO  3 
CHANGE3 . TRUE • 

TMPXD=XD(  I  ) 

XD( I ) =XD ( J ) 

XP( J ) =  T  M°XD 

3  CONTINUE 
I F ( CHANGE )  GO  TO  l 
RETURN 
END 

ORY  REQUIREMENTS  00025C  BYTES 
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C 

C 

C 

C 

C 

C 

C 

C 

C 

c 

c 

c 

C 


SUBROUTINE  PRLS ( Y , XI , NA ,  I TY PF ,  I  RES ) 

PRLS  =  SUBROUTINE  TO  SCREEN  DAT  A , TO  DETERMINE  LINEAR  REGRESSION  OF 
SCREENED  DATA;  TO  PRINT  OUT  RESULTS. 

Y  =  INPUT  VECTOR  OF  LENGTH  NA  WITH  DEDENDENT  VARIABLE. 

XI  =  INPUT  VECTOR  OF  LENGTH  NA  WITH  INDEPENDENT  VARIABLE. 

NA=  THE  LENGTH  OF  VECTOR  Y  BEFORE  ANY  SCREENING 
I T YPF  =  TYPE  OF  ANALYSIS. 

I T YPE=  0  APITH  VS  ARITH 
ITYPE=  1  LOG  VS  LOG 
I P  ES=  CODE  FOR  RESIDUALS. 

I R E  S  =  0  NO  RESIOUALS  PRINTED  OUT 
I R  E  S= 1  ONLY  THE  RESIDUALS  ARE  PRINTED  OUT 
I R  F  S  =  ?  ALL  VALUES  OF  Y,  X,  COMPUTED  Y,  AND  RESIDUALS  ARE 
PRINTED  OUT. 

COMMON  RCAI120) 

DIMENSION  CODE!  120),Y(120),X1!120),X2(120),X3!120),RES<120) 

I  P=  6 


NVAR=2 

WRITE!  IP,  100  > 

100  FORMAT! 'O' ,10X, 'PEACH  NUMBERS  USED  IN  THIS  ANALYSIS'/) 

CALL  SCRN! NV AR , CODE , Y , X l , X2 , X3 , NA , N AS ) 

I F ( NAS. LT. 4)  GO  TO  1 

CALL  LSOFT! Y,X1 ,NAS, A , B95 A , U95 A, B , B95B , U95 B , R , 895R , U95R , R SQ, SE , SSL 
1R, SSRFS, SSTOT, A  SR ES, A  SR AT) 

NDFLR= 1 
NPF  RE  S  =  N AS-2 
NDFTOT  =  N  AS- 1 
WRITE! IP, 120) 

120  FORMAT!  'O'  ,10X, 'ANALYSIS  OF  VARIANCE') 

WRITE!  IP, 121  ) 

121  FORMAT! 'O' ,10X,'  SOURCE  D.F.  SUM  OF  SQUARES  MEAN  SO 

1UARE  MEAN  SQUARE  RATIO'/) 

WRITE ( I P, 1 22 )  NDFLR, SSLR, SSLR, A  SR AT 
12?  FORMAT!'  • , 1  OX , • L I NFAR  REGRESSION 
WRITE! IP,  123)  NDFRES, SSRES, ASRES 

123  FORMAT!'  • , 1  OX , • R E S I  DU AL  ABOUT  L.R. 

WRITE! IP, 124)  NDFTOT, SSTOT 

124  FORMAT!'  ',10X,  'TOTAL 
IF ( ITYPE.EQ.O)  GO  TO  12 
I F ( I TYPF. EQ. 1 )  GO  TO  13 

13  WRI TE ( I P, 101  )  A,B95A,U95A,B,R95B,U95B 

101  FORMAT!  ' O'  , 10X , ' LOG! A  )  =  • ,F8.4, •  ;  95?  C.L.  FOR  LOG! A )  =  ' , F  8 • 4 , •  ,', 

IER.4,'  ;  R=  '  , F  8 . 4 , '  I  95?  C.L.  FOR  B=',F8.4,'  ,',F8.4) 

WRITE! IP, 102)  R,R95R,U95R,RS0,SE,NAS 
10?  FORMAT (  ' O'  ,  10X, • R= ' *  F4 . 3  * '  ;  957  C.L.  FOR  R=',F6.3,'  ,',F6.3,'  ;  R 


D.F.  SUM  OF  SQUARES 

', I4,E16.7,E16.7, F12.3) 
• , I4,E16.7,E16.7) 

', I4.E16.7) 


1**2  =' , F 6 . 3 ,  '  J  STANDARD  ERROR ( LOG  UN I T S )  =  • , F 8. 4 , »  ;  N 
ANTIL=10.0**A 
WR I TE ( I P  ,  103)  ANT  I L , B 

103  FORMAT ( 'O' , 10X, 'OF  THE  FORM  Y  =',F10.3,'  *  X**',F8.4) 
GO  TO  477 
12  AT  =  ABSIA) 

IF! AT. GT. 100000. .OR. AT. LT. 1.0)  GO  TO  15 
RT  =  ABS(B) 

IF(BT.GT.IOOOO.. OR.BT.LT. 0.1)  GO  TO  15 
WRITE!  IP, 108  )  A,B95A,U95A 


14) 
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108 

FORMAT! 'O' ,10X, 'A  =',F12.3,» 
WRITE! IP, 115)  B,R95B,U95B 

• 

* 

95% 

C.L. 

FOR 

A  =•  ,  F 1 2 . 3 , ' , 

• ,F12. 3) 

1  15 

FORMAT! 'O' , 10X, 'B  =',F12.4,' 
GO  TO  17 

• 

• 

95% 

C.L. 

FOR 

B  =• , F 1 2 . 4 , ' , 

' ,  F 12 . 4 ) 

15 

WRITE! IP, 116)  A , B95 A , U95 A 

116 

FORMAT { • O' , 10X, • A  =',E15.7,' 
WP I T  E ( I P , 1 1 7 )  B  ,  B  95  B  ,  U95 B 

? 

95% 

C.L. 

FOR 

A  =• , F 1 5 . 7,  •  , 

•  ,E15.7) 

117 

FORMAT!  'O' ,10X, *B  =',E15.7,' 

♦ 

95% 

C  •  L  • 

FOR 

B  =' , E 1 5 . 7 ,  ', 

' ,  E 15 . 7  ) 

17  WRITE! IP,  100  )  R,895P,U95R,RS0,SF,NAS 

109  FORMAT ( 'O'  »10X»  '  R  =',F6.3,'  ;  95%  C.L.  FOR  R  =',F6.3,'  ,',F6.3,'  ; 

1  R  = ' , F6. 3 , '  ;  STANDARD  ERROR  =',F20.9,'  i  N  =',I4> 

WRITE! IP,  1 10 )  A , 8 

110  FORMAT  (•  O'  ,  10X  , 'OF  THE  FORM  Y  =',F20.B,'  «-  • , F 29 . 8, • *X ' ) 

477  IF!  IRFS.LE.O)  GO  TO  1 

IF! IRES.GE.3)  GO  TO  1 
IF!  IRES. EG. 1 )  GO  TO  481 
IF(  IRES.FQ.2)  GO  TO  482 

481  DP  111  1  =  1, NAS 

RES!  I)=Y<  I  )-( A4-B*X1  (  I  )  ) 

111  CONTINUE 
WRITEUP, 200) 

200  FOPMAT!  'O' ,10X, 'RESIDUALS  <  OBSERVED  -  COMPUTED  VALUE  )•/) 

WRITE!  IP, 201  )  l RES { I) , 1  =  1, NAS) 

201  FORMAT!'  ’  ,  1  OX , 8F 1 5 .4 ) 

GO  TO  1 

482  WRITE! IP, 300) 

300  FORMAT ( 'O'  ,20X,  'TABULATION  OF  DATA  USED  IN  ANALYSIS  WITH  RESIDUALS 
1  '/) 

WRITE! IP, 301 ) 

301  FORMAT! 'O'  ,10X, 'CASE  CODE  Y  Y  COMPUTED 

1  RESIDUAL  X  •/) 

DO  320  1  =  1  , NAS 
YC=A+R*X1< I) 

R  FS I D  =  Y (  I  )— YC 

WP  I  TF ( I  P ,  302 )  I .CODE !I),Y(I),YC,RESID,X1!I) 

302  FORMAT!'  •  ,  1  OX , I  5 , F5 . 0, 4F20 . 8 ) 

320  CONTINUE 

1  WRITE! IP, 104) 

104  FORMAT!  'O'  ,  10X , • - 

1 - - - ,  > 

WRITE! IP, 125) 

1  25  FORMAT  (  '  '  ,  10X,  •  *«*$**’***£*********'<<*$>!<$********♦****<'*******$*$*$ 

WRITEUP, 126) 

1 26  FORMAT!  •  •  ,  10X, • - 

1 - '//  ) 

RFTURN 

END 
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SL'RROUT  I  NE  L SOFT! Y , X , KT , A , A95L  ,  A95U,  8 ,  R9  5L  f  R9 5U  ,  P  ,  R 9  5L  ,  P9  5U  ,  RS 0 ,  SF 
1 , SSLR, SSPFSi SSTOT, ASRES, AS RAT  ) 

LSOFT  =  SUBROUTINE  FOR  OBTAINING  LINEAR  RFGRFSSION,  CONFIOENCE 

LIMITS,  CORRELATION  COEFFICIENT,  STANDARD  ERROR,  AND  DATA 
FOR  THE  ANALYSIS  OF  VARIANCE. 

Y  =  V F C TOP  OF  LENGTH  KT  FOR  OEPENOENT  VARIABLE 

X  =  VFCTOR  OF  LFNGTH  KT  FOR  INDEPENDENT  VARIABLE 

KT  =  LENGTH  OF  VECTORS  Y  AND  X  (  AFTER  ALL  SCREENING  ) 

A  =  CONSTANT  TERM  (  Y  INTERCEPT  1 

A95L  =  LOWER  957  CONF.  LIM.  FOR  A 

A95U  =  UPPER  957  CONF.  LIM.  FOR  A 

R  =  SLOPE  OF  RFGRFSSION  LINE 

R95L  =  LOWER  957  CONF.  LIM.  FOR  B 

R95IJ  =  UPPER  957  CONF.  LIM.  FOR  B 

R  =  CORRELATION  COEF. 

R95L  =  LOWER  957  CONF.  LIM.  FOR  R 

R95U  =  UPPER  957  CONF.  LIM.  FOR  R 

RSO  =  R**2 

SF  =  STANDARD  ERROR  OF  ESTIMATE  OF  Y  ON  X 

SSLR  TO  ASRAT  ARE  PARAMETERS  USED  IN  THE  ANALYSIS  OF  VARIANCE 
DIMENSION  X { 120) ,Y( 120) 

DIMENSION  TTI 34) ,NDFT( 34) ,GT(32 ) ,RGT{ 32) 

DATA  TT/ 12. 706, 4.  303, 3. 182, 2. 77 6, 2. 5 71, 2. 44 7, 2. 36 5,  2 . 306 ,  2 .  262 , 2 . 2 
12B,  2.  201 ,2. 179, 2.160, 2.145, 2. 131 ,2.  120,2. 110,2. 101, 2.093, 2.086,2.0 
2  BO, 2.0  74, 2.069,2.0  64, 2.06  0, 2.056, 2. 052, 2. 04 8, 2. 04 5, 2. 04 2, 2. 02 1,2.0 
300, 1.980, 1.960/ 

DATA  MD FT/1, 2, 3, 4, 5, 6, 7, 3, 9, 10, 11, 12, 13, 14, 15, 16, 17, IB, 19, 20, 21, 22 
1 , 23, 24,25, 26,27,28,29,30,40,60, 120, 100000/ 

DATA  GT/O. 00, 0.1 00, 0.203, 0.31 0,0. 42 4, 0.549, 0.693,0. 75 8,0. 329,0.908 
1,0.996,1.099,1. 188,1.293,1.376,1.472,1.528, 1.589,1.658,1.738,1.832 
2,1.886,1.946,2.014,2.092,2. 185,2.298,2.443,2.647,2.994,3.80, 
'3100000. / 

DATA  RGT/O. 00, 0.1 0,0. 20, 0.3 0,0. 40, 0.50, 0.60, 0.64, 0.68, 0.72, 0.76,0. 
180, 0.83,0. 86, 0.88, 0.90, 0.91, 0.92, 0.93, 0.94, 0.95, 0.9 55, 0.96, 0.965,0 
2.97,0.975,0.98,0.985,0.99,0.995,0.999,1.000/ 

SX=0.0 
SY=0.0 
SXX=0.0 
S YY=  0 . 0 
S  X Y=0. 0 
DO  100  K= 1  ,KT 
SX=  SX  +  X ( K  ) 

SY=  SY  + Y ( K  ) 

SXX  =  SXX4-X  <  K  )  **2 
SYY=SYY+Y( K)**2 
SX Y=  SXY  +  X ( K ) *Y ( K ) 

100  CONTINUE 
TK  =  KT 
XM=  SX/TK 
YM=SY/TK 

STEST=SXX-TK*XM*XM 

IFISTEST.GT. -0.00000001. AND. STEST.LT. 0.00000001)  GD  TO  75 

R  = ( SXY-TK*XM*YM)/( SXX-TK*XM**2 ) 

a=ym-b*xm 

VAR  X= ( SXX-TK*XM**2 )/( TK-1. ) 
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V  A  P  Y  = { SYY-TK*YM**2  > /( TK-l. ) 

STOX=SQR  n VARX > 

ST 0 Y=  SORT  < VARY ) 

SSLR=VARX*(TK-1.)*B**2 
SSTOT—  VARY*! TK-l. ) 

SSRES=SSTOT-SSLR 
ASPES=SSRES/ (TK-2. ) 

ASRAT=SSLR/ASRES 
COVAR=  B*V  ARX 

R=R*SORT l V ARX) /SORT (VARY ) 

RS0=R**2 

SE  SQ  = ( SYY-A*SY-R*SXY)/( TK-2. ) 

S  F=  SOR  T  (  S  F  SO ) 

NDF=KT -2 

IF(NOF.EO.O)  GO  TO  75 
1  =  2 

14  I F(NOF.GT  .NDFT(  I) )  GO  TO  15 
DF=N0F 

OFTU=NOFT( I ) 

OFTL=NOFT ( 1-1 ) 

T=TT(  T  —  1  >-*-(TT<  T  )— TT(  I  —  1  )  )/(  DFTU-DFTL ) * ( DF-DFTL  ) 

GO  TO  15 

15  1=1+1 

GO  TO  14 

16  CCNST=ABS( SXX-TK*XM*XM) 

CONST 1=T*SE* SOR T( l . /TK +XM**2 /CONST ) 

A950= A+CONST 1 
A95L  = A-C0NST1 

C0NST2=T*SF*SQRT< 1. /CONST ) 

R95lj=B+C0NST2 
R95L  =  R-C0NST  2 
ARREARS ( P ) 

[F(ARR.GT. 0.9999)  GO  TO  320 

GU=0.5*AL0G(  (l.+R)/(l.-R)  )+1.96/S0RT(TK-3.) 

GL=0.5*AL0G( (l.+R)/(l.-R) ) -1.96 /SORT (TK-3.) 

S  FGN»L=+1 . 

S  IGNRU  =  +1 . 

I F ( GL  .GE.O.O)  GO  TO  180 
SIGNRL=-1. 

GL  =-GL 

IF (GL.GT . 100000. )  GO  TO  320 
1R0  IF (GO. GE.O.O)  GO  TO  181 
SIGNRU=-1. 

GU=-GU 
131  M=  2 

81  I F ( GL . L  E. GT ( M ) )  GO  TO  82 
M=M+  l 
GO  TO  81 

P?  R95L  =RGT ( M-l )  +  (RGT ( M  )  -RGT (M-l ) ) / ( GT ( M  )  -GT ( M-  1  ) ) * ( GL -GT ( M  —  1 )  ) 
IF(GU.GT. 100000.)  GO  TO  320 
M=  2 

P4  1 F ( GU.LT • GT( M ) )  GO  TO  83 
M=M+1 
GO  TO  84 

8  3  R95U=RGT<  M-l )  +  ( RGT ( M ) -RGT ( M- 1 ) ) / ( GT ( M ) -GT ( M-l ) ) * ( GU-GT ( M- 1 )  ) 


( 
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R95L=R95l*SI GNPl 
pqSU=R96U*SI GNRU 
GO  TO  76 

75  A=- 1 . 0 
A95L=-1.0 
A95U=- 1.0 
P=- 1.0 
B95L=-  1 . 0 
R95U  =  -  1 . 0 
R=-l.O 
RS0=-1.0 
SE=- 1.0 

S  SLR=- 1.0 
SST0T=-1 .0 
S  SR  ES=-1 • 0 
ASRES  =  -1 .0 
ASR AT  =  -l  .0 
320  R95L=-1.0 
R95U=-l • 0 

76  RETURN 
FNO 
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sun  ROUT  INF  PRMR (V , XI ,  X?  ,  X3»  N  A , NV  AR , NST  AT.NRFSI  ) 

PPMR  =  SUBROUTINE  FOR  SCREEN! NG  DATA,  CONTROLLING  THE  MULTIPLE 
LINEAR  REGRESSION,  A  NO  PRINTING  OUT  THE  RESULTS. 

V  =  INPUT  VECTOR  OF  LENGTH  NA  CONTAINING  THE  DEPENDENT  VARIABLE 

XI  =  INPUT  VECTOR  OF  LENGTH  NA  CONTAINING  THE  FIRST  INO.  VAR. 

X?  =  INPUT  VFCTOR  OF  LENGTH  NA  CONTAINING  THE  SECOND  INO.  VAR. 

X 3  =  INPUT  VECTOP  OF  LENGTH  NA  CONTAINING  THF  THIRD  IND.  VAR. 

NA  =  TOTAL  NUMBER  OR  OBSERVATIONS  SENT  TO  SUBROUTINE  PRMR  FOR 
ANY  CNE  OF  THE  ABOVE  VECTORS. 

NVAR  =  NUMBER  OF  VARIABLES  DIMENSIONED  IN  SUBROUTINE  REGRF 
N  ST  A  T=  NUMBER  OF  OBSERVATIONS  DIMENSIONED  IN  SUBROUTINE  REGRE 
NRESI=  0  FOP  NO  TABLE  OF  RESIDUALS:  NPESI  =  A  POSITIVE  INTEGER 
FOR  A  PRINT  OUT  OF  THE  TABLE  OF  RESIDUALS  AND  THE  BASIC  OATA 
USED  IN  THE  ANALYSIS. 

THF  SUBROUTINE  PPMR  IS  SET  UP  TO  HANDLE  ONE  DEPENDENT  VARIABLE 
AND  THREE  INDEPENDENT  VARIABLES.  IN  ORDER  TO  INCREASE 
THE  NUMBER  OF  INDEPENDENT  VARIABLES  IT  IS  NECESSARY 
TO  CHANGE  THE  DIMENSIONS  OF  XX  ,  AND  OTHER  VARIABLES  IN 
SUBROUTINES  SCRN,  AND  REGRE. 

COMMON  PC  A  (120  I 

DIMENSION  CODE (120),Y(120)fXl(l20),X2(120),X3(120),XX(120,4) 

I  P  =  6 

WPITFI IP, 100) 

100  FOPMAT(  'O’  ,10X,  'REACH  NUMBERS  USED  IN  THIS  ANALYSIS*/) 

CALL  SCR N( NVAR .CODE ,Y,Xl,X2,X3,NA,NAS) 

NT  E  ST  =  NV  AR  + 1 

IFINAS.LT. NTEST)  GO  TO  1 
DO  2  1=1, NA 
X  X (  I  . 1 ) =Y (  II 
XX(I,2)=X1(I) 

XX<  1 , 3 ) =X2 ( 1  ) 

XX( I ,4)-X3( I ) 

2  CONTINUE 
NVART=4 

CALL  REGRE (NAS, NV AR, NS TAT, NV ART, XX, NR ESI .CODE) 
l  WP I TF ( IP,  104) 

104  FORMAT (  *0*  ,  10X  ,  * - 

1 - •  ) 

WP I Tp ( IP, 109) 

10P  FORMAT (  *  *  ,  1  OX,  •*£*****$******$** *$*£$**********<:*********$******* 

WRITE!  IP, 110  ) 

1 10  FORMAT (  •  •  ,  10X , * - 

1 - *  //) 

RETURN 

END 
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SUBROUTINE  PEGRFI N,  M » NO, MO, X X , NRE  S I .CODE ) 

C  REGR  E=  SUBROUTINE  TO  DETERMINE  THE  COEFFICIENTS,  THE  CORRELATION 

C.  COEFFICIENTS,  THE  ANALYSIS  OF  VARIANCE,  ETC.  FOR  A 

C  MULTIPLE  LINEAR  REGRESSION. 

C.  N  ACTUAL  NO.  OF  OBSERVATIONS 

C  M  ACTUAL  NO.  OF  variables 

C  ND  =  NO.  OF  OBSERVATIONS  DIMENSIONED  IN  XX 

C.  MD  =  MO.  OF  VARIABLES  DIMENSIONED  IN  XX 

C  XX  =  MATRIX  DIMENSIONED  AS  ( ND , MD ) 

C  NR  F  S  I  =  0  FOR  NO  TABLE  OF  RESIDUALS;  NRCSI  =  A  POSITIVE  INTEGER 

C  FOP  A  PRINT  OUT  OF  THE  TABLE  OF  RESIDUALS  AND  THE  BASIC  DATA 

C  USED  IN  TH  EC  ANALYSIS. 

C  CODE  =  A  VECTOR  OF  LENGTH  N  CONTAINING  THE  CODE  NUMRERS  OF  THE 

C  ACCEPTED  REACHFS. 

SEE  THE  IBM  MANUAL  FOR  THE  WRITE  UP  OF  SSP  PROGRAMS,  THIS 

SUBROUTINE  IS  TAKEN  FROM  THE  EXAMPLES  PROVIDED  IN  THE  8 ACK 
OF  THE  P EFFRENCF. 

SUBROUTINES  ARRAY,  CORRE,  ORDER,  MINV,  AND  MULTR  ARE  FROM  THE 
SCIENTIFIC  SUBROUTINES  PACKAGE  *SSPLIR. 

DIMFNSION  XRARI4) »STD(4),D(4),RY(4) , ISAVE(4)»B(4),SR(4),T(4),W(4) 
DIMENSION  RX  (  16)  ,  R  (  10  )  ,  ANSI  10),XXI120,4),X(400) 

DIMENSION  CODE ( 120) 

N  S=  1 
NOE  P=  1 

NDFP  =  THE  VARIABLE  NUMBER  IN  XXII, NVAR)  WHICH  CORRESPONDS  TO 
TO  THE  DEPENDENT  VARIABLE.  IF  NDEP  IS  NE.  I  ,  THE 
SUBROUTINE  REGRE  MUST  BE  MODIFIED. 

K-M-l 

DO  131  I DV= 1 , K 
I S AVE ( 1 DV )  =  I  DV  +  1 
131  CONTINUE 
M0DE=2 

CALL  ARRAY(MOOE,N,M*ND,MD»X,XX) 

10=1 

CALL  C OR R E ( N , M , 1 0 , X , X B A R , ST D , R X , R , D , B , T ) 

IE ( NS )  10B,  10B,  100 

10B  WRITE I  6  * 13) 

GO  TO  300 
10«  DO  200  1=1, NS 

CALL  ORDFR(M,P,NDEP,K, I SAVE,RX,RY) 

CALL  M I N V ( RX  »K,DET ,B, T) 

IF(OFT)  112,110,112 
110  WR  I  TE I  6, 14 ) 

CO  TO  200 

112  CALL  MUl TR(N,K,XBAR,STO,D,RX,PY,ISAVE,B,SB,T,ANS) 

MM=K+l 
WR I T  E ( 6 , 3 ) 

DO  115  J  =  1  ,K 
L  = I S AVE  C  J  ) 

115  WPITE(6,4)  L , XBAR( L ) , STDIL )  ,RY( J) ,P( J ) , SB( J  )  ,T ( J  ) 

WRITE! 6,5) 

L= I  SAVE ( MM  ) 

WPITF(6*4)  L , XBAP( L ), STDIL ) 

WPITE(6,6)  ANSI  1) , ANSI2) ,ANS(3) 

WRITEI6.7) 
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L  =  ANS I 8  ) 

W  P  I  T  E  I  6 , 8  )  K.ANSI  4)  ,  ANS (6) , ANSI  10) ,L , ANSI  7) , ANSI  9) 

L  =  N-1 

SUM=  AN  S  I  4 ) +  ANS  I 7) 

WPITFI6.9)  L , SUM 
IF(NRCSI)  200,200,120 
120  WP I TE ( 6 , 1 1  ) 

WPITE(6,199) 

MM-  I  SAVE  I  K  +  l  ) 

DO  140  11=1, N 
SUM= ANS ( 1 ) 

DO  130  J  =  1  ,  K 
L  =  I  SAVE  I J ) 

130  SUM=SUM+XXI I  I,L)*B(J) 

R  E  S I  =  X  X (  I  I ,1 ) -  SUM 
IFIK.EO.  1  )  GO  TO  400 
1 F ( K . EO. 2 )  GO  TO  401 
I F ( K . EQ . 3 1  GO  TO  402 

400  WRITE (6,  12)  I  I ,CODE(  II) , XX ( I  1 , 1 ) ,SUM,RESI , XX( II ,2» 

GO  TO  140 

401  WRITE (6,4101  II,  CODE (  I  I  )  ,  XXIII,  1  )  , SUM, RE  SI , XXIII, 2), XXIII, 3) 

GO  TO  140 

4  02  WRITE  I  6, 41 11  I  I .CODE  I  I  II , XX  I  I  I , 1 ), SUM, RES  I , XX  I  II, 21, XXI  II, 3), XXIII 
1  ,41 

140  CONTINUE 
200  CONTINUE 

3  FORMAT  I 19H0  VARIABLE, 5X, 4HME AN , 6X, 8 H STANDARD, AX,  11HC0RREL 

1  AT  ION,  4X  ,  1  OHP.  EGRESSION, 4X,  1  OH  STD.  ERROR,  5X,  8HC0MPUTED/16H 

2  NT. , 1EX,9HOEVIATION, 7X,6HX  VS  Y , 7 X , 1 IHC OFF F I C I E NT , 3 X , l 2 HOF  REG 
3.C0EF. ,3X, 7HT  VALUE) 

4  FORMAT! •  • ,10X, I4,6F14.5) 

5  FORMAT  I  20 H  DEPENDENT! 

6  FORMAT ( 1H0/20H  I NTE RCE PT , l OX , F 16 . 5//3 3H  MULTIP 

ILF  CORRELATION  .F13.5//33H  STD.  ERROR  OF  E ST  I M AT E , F 1 3 . 5 

2//) 

7  FORMAT! IHO, 31X.39HANALYSIS  OF  VARIANCE  FOR  THE  R E GRE S S I  ON/ / 1 5X , 19H 
iSOURCE  OF  VARIATION, 7 X , 7HDEGR FE S , 7 X , 6H SUM  0 F , 1 0 X , 4HME AN , 1 2 X , 7HF  V A 
2LUF/40X, 10 HOF  F RE EDOM , 4 X , 7H SQU AR E S , 9 X , 7HS0U AR E S 1 

8  FORMAT l 40H  ATTRIBUTABLE  TO  REGRESSION  , I  6 , 3 F 1 6 . 5 /4 OH 

1  DEVIATION  FROM  REGRESSION  ,I6,2F16.5» 

9  FORMATl'  ' ,15X,SHT0TAL, 19X, IC,F16.5) 

11  FORMAT  I • O'  ,30X ,  'TABLE  OF  RESIDUALS  —  DEPENDENT  VARIABLE  "  V'  IS 
1 V  A  R  l'/l 

12  FORMAT!'  • ,10X, 1 6 , F 5 . 0, 4F 1 5 . 5 1 

410  FOP MA T I '  • ,10X, 16, F5.0, 5F15.5) 

411  FOPMAT  I  '  •  ,  10X,  I6,F5.0,6F15.5) 

199  FORMATl 'O' ,10X, 'CASE  CODE  Y  VALUE  Y  ESTIMATE  RESIDU 

1AL  VAR  2  VAR  3  VAR  4'/) 

13  FORMAT (53H1 NUMBER  OF  SELECTIONS  NOT  SPECIFIED.  JOB  TERMINATED.) 

14  FORMAT ( 52H0THF  MATRIX  IS  SINGULAR.  THIS  SELECTION  IS  SKIPPED.) 

300  RETURN 

END 
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SUBROUTINE  PATA 

DATA  =  SUBROUTINE  RE0U1RE0  RY  THE  SSP  LIBRARY  WHEN  USING  THE 
MULTIPLE  LINEAR  REGRESSION  PROGRAM. 

RFTURN 
ENO 

ORY  REQUIREMENTS  00P0F6  RYTES 
884  RC=0 
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SUBROUTINE  PLOTR(XX,NA,KT,KA,KB,KC,KD,HA,HB,HC,VA,VB,VC,ALPH) 

PLOTP  =  SUBROUTINE  FOR  PLOTTING 

XX  =  INPUT  MATRIX  OF  (NA*4).  THIS  MATRIX  IS  S GREENED  WITH 
TEST  VALUES  ESTABLISHED  FOR  CASES  NOT  MEETING  THE 
SCREENING  CRITERIA.  XXII, 4)=  -0.0  IN  SUCH  CASES. 

KT  =  TOTAL  NUMBER  OF  CURVES  TO  BE  CALLED  FOR  A  GIVEN  PLOT. 

KT  SHOULD  BE  LE.  13.  THE  FIRST  CURVE  IS  DRAWN  FOR  XXII, 4) 
=  -1.0  (IF  X  X (  1.4)  CONTAINS  ANY  VALUFS  OF  -1.0) 

A  SECOND  CURVE  IS  DRAWN  FOR  XX!I,4)=  0.0,  ETC. 

SEE  THE  WRITE  UP  FOR  SUBROUTINE  GPL  FOR  MORE  DETAILS  CONCERNING 
THE  PARAMETERS  KA  TO  ALPH. 

KA  =  TYPE  OF  ABSCISSA  AXIS. 

KB  =  TYPE  OF  ORDINATE  AXIS. 

KC  =  A  NFGATIVE  VALUE  IF  THE  THIRD  PARAMETER  IS  TO  BF 
PR  INTED  ON  THE  PLOT. 

KD  =  NUMBER  OF  DIGITS  AFTFR  THE  DECIMAL  IF  THE  THIRD  PARAMETER 
IS  USED. 

HA  =  ORIGIN  OF  THE  ABSCISSA. 

HB  =  SCALE  FOR  THE  ABSCISSA. 

HC  =  LENGTH  OF  THE  ABSCISSA  IN  INCHES. 

VA  =  ORIGIN  OF  THE  ORDINATE. 

VB  =  SCALE  FOR  THE  ORDINATE. 

VC  =  LENGTH  OF  THE  ORDINATE  IN  INCHES. 

ALPH  =  TEE  TITLE  OF  THE  PLOT  (  CLOS  1-48);  THE  TITLE  OF  THE 

ABSCISSA  (  COLS  49-64);  THE  TITLE  OF  THE  ORDINATE  (  COLS 
65-80) 

DIMENSION  XX(120»4)»X(129)»Y( 120) *Z< 1201 
DIMENSION  ALPH(20) ,KODE( 120) 

I  P  =  6 

WRITE! IP, 20) 

20  FORMAT (• O'  ,  10X, 'DATA  SUPPLIED  TO  THE  CALCOMP  PLOTTER  FOR  THIS  ANAL 
1  Y  S  I  S  '  ) 

WRITE! IP, 9)  (ALPH(I) , 1=1,20) 

9  FORMAT ( 'O'  ,  1  OX , 20 A4 ) 

WRITEUP,  777)  (  AL  PH  (  I  )  ,  I  =  1  3 , 1 6  ) 

777  FORMAT! • O'  ,20X, ' X  =  ',4A4) 

WPITE! IP, 778)  ( ALPH! I ), 1=17,20) 

778  FORMAT! • O' ,?0X, »Y  =  ',4A4) 

WRITE! IP, 75) 

75  FORMAT! • O' , 10X, 'REACH  NUMBERS  USED  IN  THIS  PLOT'/) 

NC0UNT=1 

DC  TO  1=1, NA 

IF (XX! I ,4) .LE. -1.01 )  GO  TO  70 
KODF ( NCOUNT ) = I 
NC0UNT=NC0UNT*1 
70  CONTINUE 

NC01JNT  =  NC0UNT-1 
I  P=  1 
I  F=  20 

IF! NCOUNT. EG. 0)  GO  TO  78 
77  I F ( NCOUNT. GT. IE)  GO  TO  79 

WRITE! IP, 76)  IKODE!  I  ),  1=  IB, NCOUNT) 

76  FORMAT! •  '  ,10X,20I6> 

GO  TO  78 

79  WRITE! IP, 76)  ( KOD E ( I ) , I = I B , I E ) 
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I  P=  T  04-20 
!  F=  I  F 4-20 
GO  TO  77 

7  R  WPITFdP.flO)  NCOUNT 

80  FORMAT (• O'  ,10X ,• TOTAL  NUMBER  OF  RFACHFS  USED  IN  THIS  ANALYSIS  ='»I 
14  /  > 

WRITE! IP, 10) 

10  FORMAT ( *0' , 10X, 'GPL  SYMBOL  CODE  VALUE  FOR  SYMBOL  NO.  POIN 

ITS'/) 

K  P=  1 
K=  1 
4  J=1 

I F ( KP.GT.  13)  GO  TO  6 
TFST=K-2 
UP=TFST4-0.01 
B0TT0M=TEST-0.01 

c  XXII, 1)  HAS  VALUES  OF  THE  X  AXIS  (ABSCISSA) 

C  X  X (  I » 2 )  HAS  VALUES  OF  THE  Y  AXIS  (  ORDINATE  ) 

c  X  X ( I »  3 )  HAS  VALUES  OF  Z  THE  THIRD  PARAMETER  ASSOCIATED  WITH 

C  THE  VARIABLES  X  AND  Y. 

C  X X (  1,4)  HAS  VALUES  USED  TO  DETERMINE  THE  SYMBOL  TO  BE  USED  FOR 

C  PLOTTING.  THE  VALUES  IN  XX! 1,4)  MUST  BE  WHOLE  NUMBERS 

C  RANGING  FROM  -1.0  TO  11.0 

DO  l  1  =  1 , N  A 

IF ( X  X  C I .4)  .LT.-1.01  )  GO  TO  1 

I F ( X X ( I ,4) .GT . BOTTOM. AND . XX ( 1*4) . LT. UP )  GO  TO  3 
GO  TO  1 

3  X( J )=XX(  1,1) 

Y ( J ) =  XX (  1,2) 

Z(J)=XX< 1,3) 

J  =  J  4-  1 

1  CONTINUE 
J  T=  J  - 1 

IF(JT.EQ.O)  GO  TO  7 
WRITEUP, 11)  KP  ,  TF  ST  ,  JT 

11  FORMAT (  '  •  ,15X,I3,16X,F5.1,16X,I3) 

I  0U=  8 

CALL  GPL (  X , Y , Z  , J T , KP , K A , KB , KC , KD, HA , H3 , HC , V A , VR , VC , ALPH , I OU ) 

K  P  =  K  P4- 1 

7  IF(K.FO.KT)  GO  TO  8 
K  =  K4-1 

GO  TO  4 
6  I  P=  6 

WPITF( IP, 101 ) 

101  FORMAT ( 'O' ,10X, 'MORE  THAN  13  PLOTS  REQUESTED') 

8  WPI TE( IP, 108  ) 

108  FORMAT ( ' O' , 10X, • - 

1 - •  ) 

WRITEUP,  109  ) 

109  FORMAT  (  '  '  »  1  OX  ,' **$********'*******************#****************<'** 

]  ***t**»<r**4**#**4**<i4»*4****«<i***  ) 

WRITE! IP,  1  10  ) 

1  10  FORMAT ( •  •  ,  10X , • - 

l - - - •  //) 

RETURN 
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END 
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S LB POUT  I  NE  PLOTVA ( XX , NA ) 

0  SUBROUTINE  PLOTVA  IS  USED  TO  PRINT  THE  VALUES  USEO  IN  THE  PLOT. 

XX  IS  AN  INPUT  MATRIX  (NA*4)  SUPPLIED  TO  THE  SUBROUTINE  PLOTR 
NA  IS  THF  TOTAL  NUMBER  OF  REACHES  BEFORE  ANY  SCREENING. 

DIMENSION  XX  (  120*4) ,  X  ( 120) *Y( 120) ,Z( 120) »S( 120) , KODE (120) 

I  P  =  6 
I  C  =  1 

DO  1  1=1, NA 

IF (XX ( I ,4) .LE.-1.01 )  GO  TO  1 
X  C ICI-XX (  1,1) 

Y (  IC)  =  XX(  1,2) 

7<  IC)=XX(  1,3) 

S(  IC)  =  XX(  I  ,4) 

KODE ( IC ) = I 
IC=IC+l 

1  CONTINUE 
ICT=IC.-1 
WRITE! IP, 2) 

2  FOPMAT( '0*  ,10X, ‘PRINT  OUT  VALUES  USED  IN  PLOT'/) 

WR  I  TE (  IP, 3  > 

3  FORMAT! '0 ', 12X, •#', 10X, • X‘ , 19X, ‘Y* , 19X, • Z‘ , 10X, ‘VALUE  FOR  SYMBOL'/ 
l  ) 

DO  4  1  =  1 ,  ICT 

WRITE ( IP,  5)  KODE ( I),X(I),Y(I),Z(I),S(I) 

5  FORMAT ( 10X, I4,3F20.7,F10.0) 

4  CONTINUE 
WRITE ( 10B) 

108  FORMAT! *0‘ , 10X, • - 

1 - .  ) 

109  FORMAT!  '  '  ,  10X, *************************************************** 

WP I TE ( I P , 1 10  ) 

1 10  FORMAT!  •  •  , 10X, • - 

1 - •//) 

RETURN 
END 


TRY  REQUIREMENTS  000070  BYTES 
b  RC  =  0 
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LIST  OF  PROGRAM  SEGMENTS  FOR  ANALYSIS  AND  PLOTTING 
K.  1  General 

Since  there  are  many  possibilities  for  establishing  regime  type 
relations  or  for  establishing  hydrological  relations,  the  concept  of 
using  program  segments  (or  components)  for  analysis  or  plotting  was 
adopted  for  this  investigation.  A  program  segment  (consisting  of 
from  15  to  20  cards)  for  a  desired  equation  or  relation  is  simply 
inserted  in  the  main  program  at  the  appropriate  place,  since  all 
segments  are  independent  of  each  other.  They  were  designed  to  ensure 
that  the  screening  test  vector  "T"  was  not  -1  for  any  river  reach 
used  in  the  desired  analysis.  Tests  are  made  to  ensure  that  the 
values  involved  in  the  computation  will  not  result  in  division  by 
zero,  etc.  The  desired  computations  are  then  carried  out  and  the 
appropriate  subroutines  are  called.  Some  examples  of  program 
segments  are  given  in  the  listing  of  the  main  program  in  APPENDIX  J. 

If  the  master  ARRAY  containing  the  basic  data  is  changed,  some 
modification  is  required  in  a  few  program  segments  where  variable 
names  are  defined  in  the  segment.  In  these  cases  the  new  element 
number  in  ARRAY  for  the  particular  variable  name  must  be  used  in  the 
program  segment. 

This  appendix  lists  the  more  than  200  program  segments  available. 
The  segments  are  grouped  as  follows: 

1.  Regime  type  analysis 

2.  Hydrologic  type  analysis;  this  is  a  broad  category  which  also 

includes  relations  which  may  not  be  clearly  classed  as 
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hydrologic  or  regime. 

3.  Regime  type  plotting 

4.  Hydrologic  type  plotting 

In  the  following  lists  the  identification  code  assigned  to  each 
equation  or  relation  is  given,  followed  by  the  relation  to  be  evaluated. 
All  variables  and  abbreviations  used  in  the  expressions  are  defined 
in  the  list  of  symbols  and  the  list  of  abbreviations.  All  units  are 
ft. -lb. -sec.  units.  One  exception  should  be  noted:  the  characterise c 
bed  material  sizes  (DG90  and  DG50)  are  expressed  in  feet  in  this 
listing,  but  they  are  in  millimeters  in  the  program  segments.  Con¬ 
sequently,  all  bed  material  sizes  in  the  program  segments  are  divided 
by  305  to  convert  them  to  feet.  All  parameters  involved  in  the 
computations  are  average  values  for  the  reach. 

It  is  assumed  that  the  proper  screening  is  to  be  carried  out 
before  any  analysis  is  executed.  For  example,  equations  pertaining 
to  gravel  rivers,  should  only  be  used  after  all  non-gravel  rivers 
are  screened  out  of  the  analysis. 

Other  program  segments  may  be  written  for  special  requirements. 

A  program  segment  can  be  prepared  in  about  10  or  15  minutes.  All 
statement  numbers  above  10,000  may  be  used  when  writing  new  segments. 

K. 2  Program  Segments  for  Regime  Type  Analysis 
Lacey  type  relation 
L  -  1  WSM  =  a-Q0*500 


L  -  2 


VM  =  a-DM0,667-S0*333 


L  - 

3 

VM  =  a* DM°*  500 • DG90°* 250 

L  - 

4 

VM  =  a-DM°*500-DG500'250 

L  - 

5 

S  =  l/a-DG90°*833/Q°* 167 

L  - 

6 

S  =  l/a*DG50°*833/Q°’ 167 

Blench 

type  relations 

B  -  1 

vm2/dm  = 

a • [1/ (DM/DG90)]°* 500 

B  -  2 

vm2/dm  = 

a-[l/(DM/DG50)]0,5°° 

B  -  3 

vm2/dm  = 

a* (DM/DG90)b 

B  -  4 

vm2/dm  = 

a* (DM/DG50)b 

B  -  5 

vm2/dm  = 

a*(DM/DG50)b  No  movement:  Cooper-Neill 

B  -  6 

vm2/dm  = 

a*(DM/DG50)b  No  movement:  Galay 

B  -  7 

vm2/dm  = 

a* (DG50)°* 250 

B  -  8 

vm2/dm  = 

a-(DG50)°'500 

B  -  9 

vm2/dm  = 

a* (DG90)b 

B  -  10 

vm2/dm  = 

a* ( DG50 ) b 

B  -  11 

vm3/wsm 

=  a 

B  -  12 

vm3/wsm 

7  7  00 

=  a*(VM  /DM)  '  ;  Banks:  gravel  and  cobbl 

B  -  13 

vm3/wsm 

2  b 

=  a*(VM  /DM)  ;  Banks:  gravel  and  cobbles 

B  -  14 

VM2/ (g*  DM*  S)  =  a* ( VM* WSM/  v  )°* 250 

B  -  15 

VM2/(g-DM*S)-SC0R  =  a-(VM-WSM/  i;  )0*250 

B  -  16 

VM2/ (g  *  DM*  S)  =  a- (VM-WSM/  v  )b 

B  -  17 

VM2/  ( g  *  DM  •  S )  ’SCOR  =  a- (VM-WSM/*'  )b 

Henderson  type  relations 

H  -  1 

WSM  =  a- 

Q-S1 * 1 67/DG90l * 50  ' 

H  -  2 

WSM  =  a- 

Q-S1 *  1 67/ DG50 1 ,5° 
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H  -  3 

WSM  =  a • ( Q  *  S 1  1 67/DG50 1  * 50 )b 

H  -  4 

DM  =  a*  DG90/S 

H  -  5 

DM  =  a*  DG50/S 

H  -  6 

DM  =  a-(DG90/S)b 

H  -  7 

DM  =  a* (DG50/S)b 

H  -  8 

\/m  nM0. 500  0. 333 

VM  =  a -DM  S 

Kellerhals 

type  relations 

K  -  1 

VM/  ( g  *  DM  *  S )°  * 500  =  a-(DM/DG90)°’250 

K  -  2 

VM/(g-DM-S)°*500  =  a-(DM/DG50)°'250 

K  -  3 

VM/(g-DM-S)0*500  =  a-(DM/DG90)b 

K  -  4 

VM/ (g • DM*  S)°* 500  =  a*(DM/DG50)b 

LD 

1 

y  -DM-S  =  a* DG90°* 800 

K  -  6 

y  -DM-S  =  a* DG50 

K  -  7 

y  -DM-S  =  a-DG90b 

CO 

i 

y  -DM-S  =  a*DG50b 

Width  relations 

WSM  -  1 

WSM  =  a*Qb 

WSM  -  2 

WSM  =  a-Qb‘SC 

WSM  -  3 

WSM  =  a-Qb-DG90C 

WSM  -  4 

WSM  =  a*Qb,DG50C 

WSM  -  5 

WSM  =  a-Qb-DG90C‘Sd 

WSM  -  6 

WSM  =  a*Qb-DG50C-Sd 

Area  relations 

AM  -  1 

AM  =  a*Qb 

AM  -  2 

AM  =  a*Qb*SC 
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AM  -  3 

AM  =  a-Qb-DG90c 

AM  -  4 

AM  =  a*Qb,DG50c 

AM  -  5 

AM  =  a*Qb*  DG90c*Sd 

AM  -  6 

AM  =  a*Qb*DG50c,Sd 

Depth  relations 

DM  -  1 

DM  =  a*Qb 

DM  -  2 

DM  =  a-Qb-S 

DM  -  3 

DM  =  a-Qb-DG90c 

DM  -  4 

DM  =  a-Qb-DG50c 

DM  -  5 

DM  =  a-Qb-DG90c*Sd 

DM  -  6 

DM  =  a-Qb-DG50c-Sd 

Form  Factor 

(FF  =  WSM/DM)  relations 

FF  -  1 

FF  =  a 

FF  -  2 

FF  =  a-Qb 

FF  -  3 

FF  =  a-DG90b 

FF  -  4 

FF  =  a*  DG50b 

FF  -  5 

FF  =  a*Qb,Sc 

FF  -  6 

FF  =  a'Qb*  DG90C 

FF  -  7 

FF  =  a-Qb*DG50c 

FF  -  8 

FF  =  a*Qb*  DG90c*Sd 

FF  -  9 

FF  =  a*Qb,DG50c,Sd 

Mean  velocity  relations 

VM  -  1 

VM  =  a-Qb 

VM  -  2 

VM  =  a-Qb*Sc 

VM  -  3 


VM  =  a-Qb-DG90c 
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VM  - 

4 

VM  = 

a*Qb*  DG50C 

VM  - 

5 

VM  = 

a-Qb-DG90c*Sd 

VM  - 

6 

VM  = 

a*Qb*  DG50c*Sd 

VM  - 

7 

VM  = 

a*  DMb*Sc 

VM  - 

8 

VM  = 

a-DMb*DG90c 

VM  - 

9 

VM  = 

a*DMb-DG50c 

VM  - 

10 

VM  = 

a-DMb-DG90c-S 

VM  - 

11 

VM  = 

a*DMb*DG50c*S 

Slope  relations 

S  - 

1 

S  = 

a-Qb 

S  - 

2 

S  = 

a-DG90b 

S  - 

3 

S  = 

a-DG50b 

S  - 

4 

S  = 

a-Qb-DG90c 

S  - 

5 

S  = 

a-Qb-DG50c 

S  - 

6 

S/SCOR  =  a-Qb*DG50 

S  - 

7 

S  = 

a,Qb'DG90c*WSM 

S  - 

8 

S  = 

a*Qb*  DG50C* WSM 

S  - 

9 

S/SCOR  =  a*Qb,DG50 

Manning  "n 

"  relations 

n  = 

1 .486* 

dm0,667-s°*500/vm 

n  - 

1 

n  = 

a-Qb 

n  - 

2 

n  = 

a-DG90b 

n  - 

3 

n  = 

a • DG50b 

n  - 

4 

n  = 

a-Sb 

n  - 

5 

n  = 

a*  FFb 

C.i 


K7 


n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 


6 

n 

= 

a*Qb*Sc 

7 

n 

= 

a*Qb*  DG90C 

8 

n 

= 

a*Qb*  DG50C 

9 

n 

= 

a*Qb*  DG90C,S 

10 

n 

= 

a*Qb*  DG50C,S 

11 

n 

= 

a*  DG90b*Sc 

12 

n 

= 

a*  DG50b*Sc 

13 

n 

= 

a • DG90b*  FFC 

14 

n 

= 

a*  DG50b*  FFC 

15 

n 

= 

a*Sb*FFc 

16 

n 

= 

a*  DG90b*  FFC* 

17 

n 

= 

a-DG50b-FFc* 

d 

d 


Dimensionless  relations 


DIM  - 

1 

WSM*  g°*  20/Q°* 40 

DIM  - 

2 

WSM*  g°*  20/Q°* 40 

DIM  - 

3 

WSM-g°*20/Q0*40 

DIM  - 

4 

WSM*  g0, 20/Q°* 40 

DIM  - 

5 

WSM-g°*20/Q0-40 

DIM  - 

6 

AM*g°*  40/Q°* 80  = 

DIM  - 

7 

AM*g°*40/Q0*80  = 

DIM  - 

8 

AM*g0,40/Q0,80  = 

DIM  - 

9 

AM,g°‘40/Q0*80  = 

DIM  - 

10 

AM*g°‘40/Q0, 80  = 

DIM  - 

11 

DM*g0,20/Q0,40  = 

DIM  - 

12 

DM*g°‘20/Q°*40  = 

a-Sb 

a* ( DG90  *  g°  *  20/Q° • 40 ) b 
a* ( DG50  *  g°  *  20/Q°  * 40 ) b 
a* (DG50,g°*20/Q0,40)b,Sc 

a*Sb 

a* ( DG90  *  g°  *  20/Q°  * 40 ) b 
a* (DG50*  g°*  20/Q°* 40  )b 
a-  (DG50-g0,20/Q0*40)b-Sc 
a 

a-S 


DIM  - 

13 

DM- g°‘ 20/Q°- 40  =  a- (DG90-g°-20/Q°-40)b 

DIM  - 

14 

DM-g°*  20/Q°- 40  =  a- (DG50*g0-20/Q°-40)b 

DIM  - 

15 

DM  *g0*  20/q0*40  =  a- (DG50*g°-20/Q0-40)b 

DIM  - 

16 

S  =  a* (DG90-g°* 20/Q°* 40)b 

DIM  - 

17 

S  =  a* (DG50-g°* 20/Q°- 40)b 

DIM  - 

18 

S  =  a* (DG50*g°*  20/Q°*  40)b‘ FFC 

DIM  - 

19 

S  =  a* (DM/DG50)b 

DIM  - 

20 

VM2/ (g • DM)  =  a* ( DM/ DG50 ) b 

DIM  - 

21 

VM2/ (g • DM)  =  a*Sb 

DIM  - 

22 

VM2/ (g • DM)  =  a* (DM/DG50)5 • Sc 

DIM  - 

23 

VM2/ (g • DM*  S)  =  a* ( DM/ DG50 ) b 

DIM  - 

24 

VM2/(g*DM*S)  =  a* ( DM/ DG50 ) b  * FFC 

DIM  - 

25 

VM2/(g-DM-S)  =  a* (VM* DM/ v  )b 

DIM  - 

26 

VM2/ ( g  *  DM*  S)  =  a  * ( VM • DM/ v  )b-FFc 

Stream  power  relations 
SP  -  1  i  -DM-S-VM 

SP  -  2  1  -DM-S-VM 

Threshold  relations 
T  -  1  VM/VMCRIT  =  a  ;  Neill 

where  VMCRIT  =  1 .41 • (  Y  /  P  )°-5OO-DG50°- 
T  -  2  VM/VMCRIT  =  a  ;  Gal  ay 

where  VMCRIT  =  8. 0- DG50°* 333 
P  •  (g •  DM* S)  / (  7*  * DG50)  =  a  ;  Shields 


=  a-DG90b 
=  a*DG50b 


T  -  3 
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K. 3  Program  Segments  for  Hydrologic  and  Miscellaneous  Types  of 

Analysi s 

Discharge  estimation  relations 
QE  -  1  Q  =  a’WSM@VFb 

QE  -  2  Q  =  a-DAb 

QE  -  3  Q  =  a* DAb* WSM@VFC 

QE  -  4  Q  =  a-DAb-WSM@VFC-Sd 

QE  -  5  Q  =  a-DAb-WSM@VFC-DG50d 

Discharge  at  low  level  bench  or  valley  flat  if  no  low  level  bench  and 
if  return  period  LE.  20  years 

QBF  -  1  Q  =  a*  DAb*  RPC 

QBF  -  2  Q  =  a*  DAb*  DURC 

Return  period  at  bankful  1  relations 
RP  -  1  RP  (at  low  level  bench)  =  a 

RP  -  2  RP  (at  valley  flat)  =  a  if  return  period  LE.  100  years 

RP  -  3  RP  (at  valley  flat)  =  a  if  return  period  LE.  20  years 

Percent  duration  at  bankful  1  relations 

DUR  -  1  DUR  (at  low  level  bench)  =  a  if  percent  duration  GE.  0.1% 
DUR  -  2  DUR  (at  valley  flat)  =  a  if  percent  duration  GE.  0.1% 

Discharge-discharge  relations 
QQ  -  1  Q@0. 5%DUR  =  a*Q@2YFb 

QQ  -  2  Q@1 %DUR  =  a*Q@2YFb 

QQ  -  3  Q@5%DUR  =  a-Q@2YFb 

QQ  -  4  Q@1 0%DUR  =  a-Q@2YFb 


ww  - 

1 

WSM@LTM  =  a* WSM@2YFb 

ww  - 

2 

WSM01.5YF  =  a*WSM@2YFb 

ww  - 

3 

WSM05YF  =  a*WSM@2YFb 

ww  - 

4 

WSM@10YF  =  a*WSM@2YFb 

ww  - 

5 

WSM0LLB  =  a* WSM@2YFb 

ww  - 

6 

WSM@VF  =  a*WSM@2YFb 

ww  - 

7 

WSM0VF  =  a*WSM@2YFb;  if  return  period  LE 

20  years 


Slope-slope  relation 

SS  -  1  S(field)  =  a* [S(topographic)]b 

K.4  Program  Segments  for  Regime  Type  Plotting 

Each  plot  may  have  a  third  parameter,  Z,  printed  by  each  plotted 

position.  This  option  is  available  for  most  plots  but  is  not  utilized 

since  the  plots  are  usually  too  cluttered  when  the  Z  values  are 

plotted.  Up  to  13  symbols  may  be  used  on  any  one  plot.  Usually  the 

selected  symbols  correspond  to  codes  related  to  the  terrain  at  the 

reach,  or  the  relation  of  the  channel  to  the  valley  bottom  (RCVB). 
Blench  plots 

B  -  1  VM2/DM  versus  DM/DG50 

Z  =  DG50  Symbols  =  RCVB  (relation  of  channel  to  valley 

bottom) 

B  -  2  VM^/WSM  versus  DM/DG50 

Z  =  RCVB  Symbols  =  Alluvial  bank  type 

B  -  3  VM^/WSM  versus  VM2/DM 

Z  =  RCVB  Symbols  =  Alluvial  bank  type 

B  -  4  VM2/(g,DM,S)  versus  VM'WSM/*' 

Z  =  None  Symbols  =  RCVB 

B  -  5  WSM°* l67-S/(VM2/DM)°‘917  versus  Q 

Z  =  SCOR  Symbols  =  RCVB 


Henderson  plot 


H  -  1  WSM  versus  Q * S 1 ' 1 67/ DG50 1 *5° 

Z  =  RCVB  Symbols  =  Islands 


Kellerhals  plots 

K  -  1  VM/ (g *  DM* S)°‘ 500  versus  DM/DG50 

Z  =  DG50  Symbols  =  RCVB 

K  -  2  y  *DM*S  versus  DG90 

Z  =  DM/DG50  Symbols  =  RCVB 


Depth-slope  plots 

DS  -  1  DM°‘500*S  versus  DG50 


Z  =  DM/DG50 

Symbols  =  RCVB 

DS  -  2 

DM*S  versus  DG50 

Z  =  DM/DG50 

Symbols  =  RCVB 

Power  plots 

P  -  1 

VM*S  versus  DG50 

Z  =  DM/DG50 

Symbols  =  RCVB 

P  -  2 

If  'DM*S  versus  DG50 

Z  =  DM/DG50  Symbols  =  RCVB 

P  -  3 

If  ‘DM-S-VM  versus 

Z  =  DM/DG50 

DG50 

Symbols  =  RCVB 

P  -  4 

S  versus  DG50 

Z  =  DM/DG50 

Symbols  =  RCVB 

P  -  5 

Q-S  versus  DG50 

Z  =  DM/DG50 

Symbols  =  RCVB 

Manning  "n" 

plots 

n  -  1 

0.  167 

n/DG90  versus 

Z  =  Form  Factor 

DM/DG50 

Symbols  =  RCVB 

n  -  2 

0.  167 

n/DG50  versus 

Z  =  Form  Factor 

DM/DG50 

Symbols  =  RCVB 

n  -  3 

n  versus  DG90 

Z  =  None 

Symbols  =  RCVB 

n  -  4 


n  versus  DG50 
Z  =  None 
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Symbols  =  RCVB 


Threshold  plots 

T  -  1  p-VM2/(y’  ‘DG50)  versus  DM/DG50;  Neill 

Z  =  THRES  Symbols  =  RCVB 

T  -  2  VM/VMCRIT  versus  DM/DG50;  Gal  ay 

VMCRIT  =  8.0-DG500*333 
Z  =  None  Symbols  =  RCVB 

T  -  3  p  * ( g • DM • S ) / (  V  -DG50)  versus  (g-DM*S)°-500*DG50/^  ;  Shields 


Z  =  None 

Symbols  =  RCVB 

Discharge  plots 

Q  -  1 

WSM  versus  Q 

Z  =  DG50 

Symbols  =  RCVB 

Q  -  2 

AM  versus  Q 

Z  =  DG50 

Symbols  =  RCVB 

Q  -  3 

DM  versus  Q 

Z  =  DG50 

Symbols  =  RCVB 

Q  -  4 

FF  versus  Q 

Z  =  DG50 

Symbols  =  RCVB 

Q  -  5 

VM  versus  Q 

Z  =  DG50 

Symbols  =  RCVB 

Q  -  6 

S  versus  Q 

Z  =  DG50 

Symbols  =  RCVB 

Q  -  7 

Manning  "n"  versus  Q 

Z  =  DG50  Symbols  =  RCVB 

Dimensionless  plots 

DIM  -  1 

WSM‘g0,20/Q0,40 
Z  =  None 

versus  S 
Symbols  =  RCVB 

DIM  -  2 

AM  _0. 40 /n0. 80 
AM-g  /Q 

Z  =  None 

versus  S 

Symbols  =  RCVB 

DIM  -  3 

nM  0.20 /n0. 40 
DM-g  /Q 

Z  =  None 

versus  S 

Symbols  =  RCVB 
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DIM  -  4 

DIM  -  5 

DIM  -  6 

DIM  -  7 

DIM  -  8 

DIM  -  9 

DIM  -  10 

DIM  -  11 

DIM  -  12 

DIM  -  13 


WSM * g 0 * 20/ Q 0 * 40  versus  DG50*g0,20/Q0,40 
Z  =  Slope  Symbols  =  RCVB 

AM  *  g  0 ’ 40/ Q°  * 80  versus  DG50-g°-20/Q0*40 
Z  =  Slope  Symbols  =  RCVB 

DM* g°* 20/Q°* 40  versus  DG50-g°- 20/Q0*40 
Z  =  Slope  Symbols  =  RCVB 

FF  versus  DG50*g0,20/Q0*40 
Z  =  Slope  Symbols  =  RCVB 

S  versus  DG90-g0,20/Q0*40 
Z  =  Form  Factor  Symbols  =  RCVB 

S  versus  DG50*g°* 20/Q0, 40 

Z  =  Form  Factor  Symbols  =  RCVB 

S  versus  DM/DG50 

Z  =  Form  Factor  Symbols  =  RCVB 

VM2/(g*DM)  versus  DM/DG50 
Z  =  None  Symbols  =  RCVB 

VM2/(g-DM)  versus  S 

Z  =  Form  Factor  Symbols  =  RCVB 

VM2/(g‘DM’S)  versus  VM*DM/  v 
1  =  None  Symbols  =  RCVB 


K. 5  Program  Segments  for  Hydrologic  and  Miscellaneous  Plots 

Discharge-drainage  area  plots 


QDA  -  1  Q  versus  DA 

Z  =  Bed  material 

QDA  -  2  Q@LLB  versus  DA 

Z  =  Return  period 

QDA  -  3  Q@VF  versus  DA 

Z  =  Return  period 

QDA  -  4  Q@LLB  or  V F  if  no  LLB 
Z  =  Return  period 

QDA  -  5  Q@LLB  or  VF  if  no  LLB 
Z  =  %  Duration 


type  Symbols  =  Terrain  type 
Symbols  =  Terrain  type 

Symbols  =  Terrain  type 

versus  DA  (RP@VF  LE.  20  years) 
Symbols  =  Terrain  type 

versus  DA  (RP@VF  LE.  20  years) 
Symbols  =  Terrain  type 
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Discharge-bankfull  plots 


QBF  -  1 

Q@LLB  versus  RP 

Z  =  1 0YF/2YF 

Symbols  =  RCVB 

QBF  -  2 

Q@LLB  versus  DUR 

Z  =  1 %FD/ 1 0%FD 

Symbols  =  RCVB 

QBF  -  3 

Q@VF  versus  RP 

Z  =  10YF/2YF 

Symbols  =  RCVB 

QBF  -  4 

Q@VF  versus  DUR 

Z  =  1 %FD/ 1 0%FD 

Symbols  =  RCVB 

Discharge-discharge  plots 

QQ  -  1 

Q@1 %FD  versus  Q@2YF 

Z  =  Reach  No. 

Symbols  =  Terrain  type 

QQ  -  2 

Q@5%FD  versus  Q@2YF 

Z  =  Reach  No. 

Symbols  =  Terrain  type 

Width-width 

plots 

WW  -  1 

WSM05YF  versus  WSM@2YF 

Z  =  None 

Symbols  =  Terrain 

type 

WW  -  2 

WSM@VF  versus  WSM@2YF 

Z  =  None 

Symbols  =  Terrain 

type 

Slope-slope 

plot 

SS  -  1 

Slope  (field)  versus  Slope  (topographic) 

Z  =  None 

Symbols  =  RCVB 

APPENDIX  L 


TABLES  CONTAINING  DETAILED  RESULTS  OF  ANALYSIS 
This  appendix  contains  60  tables  with  the  detailed  results 
of  many  of  the  analyses  related  to  this  investigation.  The  tables 
have  been  incorporated  into  this  appendix  so  that  the  text  would  not 
be  too  disjointed. 


LI 


BASIC  DATA  FOR  25  GRAVEL  RIVER  REACHES  FOR  THE  DATE  OF  HYDROPHONE  MEASUREMENTS,  AND  FOR 
COMPUTED  CONDITIONS  AT  A  DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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ESTIMATION  OF  THRESHOLD  CONDITIONS  USING  METHODS  OF  NEILL,  GALAY,  AND  SHIELDS  FOR  GRAVEL  RIVERS 
SATISFYING  THE  GRAVEL-1,  AND  GRAVEL-3  SCREENINGS  AND  FOR  DISCHARGES  CORRESPONDING  TO  THE  2  YEAR 
FLOOD  AND  THE  VALLEY  FLAT 
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TABLE  L  .3 


COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE 
WIDTH-DISCHARGE  EQUATION  FOR  12  CHARACTERISTIC  DISCHARGES  FOR 
GRAVEL  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 


Q 

a 

b 

95% 

confidence 
limits  for  b 

r2 

S.E. 

F 

N 

LTM 

4.84 

0.520 

0.491 

0.548 

0.949 

0.093 

1293 

71 

1.5  YF 

2.92 

0.514 

0.489 

0.539 

0.960 

0.079 

1656 

71 

2  YF 

2.38 

0.527 

0.501 

0.552 

0.962 

0.076 

1724 

70 

5  YF 

1  .82 

0.536 

0.508 

0.565 

0.959 

0.076 

1438 

64 

10  YF 

1  .57 

0.542 

0.503 

0.581 

0.945 

0.092 

788 

48 

0.5%  FD 

2.07 

0.534 

0.504 

0.563 

0.954 

0.076 

1315 

65 

1  %  FD 

2.25 

0.532 

0.502 

0.562 

0.951 

0.080 

1259 

67 

5  %  FD 

3.33 

0.512 

0.487 

0.536 

0.961 

0.079 

1722 

71 

10  %  FD 

4.10 

0.501 

0.475 

0.526 

0.957 

0.086 

1522 

71 

LLB 

1  .89 

0.542 

0.486 

0.598 

0.900 

0.114 

387 

45 

VF 

2.78 

0.478 

0.432 

0.524 

0.920 

0.114 

446 

41 

VF  LE. 

20  YF. 

2.40 

0.503 

0.438 

0.561 

0.928 

0.096 

256 

22 

1.  The  width-discharge  equation  is  of  the  form:  WSM  =  a'Qb 
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TABLE  L  .4 

COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE  AREA- 
DISCHARGE  EQUATION  FOR  12  CHARACTERISTIC  DISCHARGES  FOR  GRAVEL 
RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 


Q 

a 

b 

95%  confidence 
limits  for  b 

r2 

S.E. 

F 

N 

LTM 

1 .78 

0.799 

0.754 

0.843 

0.950 

0.142 

1310 

71 

1.5  YF 

0.808 

0.841 

0.807 

0.874 

0.973 

0.106 

2471 

71 

2 

YF 

0.632 

0.860 

0.826 

0.894 

0.974 

0.102 

2551 

70 

5 

YF 

0.451 

0.881 

0.840 

0.923 

0.966 

0.112 

1782 

64 

10 

YF 

0.381 

0.891 

0.835 

0.948 

0.956 

0.134 

1011 

48 

0.5%  FD 

0.534 

0.871 

0.832 

0.910 

0.970 

0.100 

2028 

65 

1 

%  FD 

0.618 

0.861 

0.823 

0.899 

0.969 

0.103 

2016 

67 

5 

%  FD 

0.992 

0.827 

0.790 

0.864 

0.967 

0.119 

2010 

71 

10 

%  FD 

1.38 

0.798 

0.759 

0.838 

0.959 

0.133 

1618 

71 

LLB 

0.677 

0.844 

0.772 

0.916 

0.929 

0.147 

562 

45 

VF 

0.655 

0.838 

0.794 

0.883 

0.974 

0.110 

1452 

41 

VF  LE. 

20  YF 

0.513 

0.869 

0.803 

0.936 

0.974 

0.097 

749 

22 

1.  The  area-discharge  equation  is  of  the  form:  AM  =  a*Q 
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TABLE  L .  5 

COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE  DEPTH- 
DISCHARGE  EQUATION  FOR  12  CHARACTERISTIC  DISCHARGES  FOR  GRAVEL 
RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 


Q 

a 

b 

95%  confidence 
limits  for  b 

r2 

S.E. 

F 

N 

LTM 

0.368 

0.279 

0.246 

0.312 

0.805 

0.106 

284 

71 

1.5  YF 

0.276 

0.327 

0.297 

0.356 

0.876 

0.093 

489 

71 

2 

YF 

0.266 

0.333 

0.302 

0.364 

0.871 

0.094 

458 

70 

5 

YF 

0.248 

0.345 

0.308 

0.382 

0.846 

0.100 

340 

64 

10 

YF 

0.243 

0.349 

0.304 

0.394 

0.841 

0.107 

244 

48 

0.5%  FD 

0.258 

0.338 

0.301 

0.374 

0.841 

0.095 

334 

65 

1 

%  FD 

0.275 

0.328 

0.293 

0.364 

0.842 

0.094 

347 

67 

5 

%  FD 

0.298 

0.315 

0.285 

0.346 

0.864 

0.097 

437 

71 

10 

%  FD 

0.337 

0.298 

0.267 

0.328 

0.848 

0.101 

386 

71 

LLB 

0.358 

0.302 

0.252 

0.353 

0.774 

0.103 

147 

45 

VF 

0.236 

0.361 

0.309 

0.413 

0.835 

0.129 

197 

41 

VF  LE. 

20  YF 

0.214 

0.366 

0.280 

0.452 

0.797 

0.126 

79 

22 

1.  The  depth-discharge  equation  is  of  the  form:  DM  =  a-Q 
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TABLE  L.6 

COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE  FORM 
FACTOR-DISCHARGE  EQUATION  FOR  12  CHARACTERISTIC  DISCHARGES  FOR 
GRAVEL  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 


Q 

a 

b 

95%  confidence 
limits  for  b 

r2 

S.E. 

F 

N 

LTM 

13.2 

0.240 

0.196 

0.284 

0.635 

0.141 

120.2 

71 

1.5  YF 

10.6 

0.188 

0.144 

0.231 

0.520 

0.136 

74.9 

71 

2  YF 

8.95 

0.194 

0.148 

0.239 

0.515 

0.137 

72.3 

70 

5  YF 

7.34 

0.192 

0.140 

0.243 

0.470 

0.138 

54.9 

64 

10  YF 

6.43 

0.193 

0.131 

0.256 

0.458 

0.148 

37.8 

48 

0.5%  FD 

8.03 

0.196 

0.142 

0.250 

0.451 

0.141 

51.7 

65 

1  %  FD 

8.18 

0.204 

0.151 

0.257 

0.476 

0.142 

59.0 

67 

5  %  FD 

11.2 

0.196 

0.155 

0.237 

0.570 

0.132 

91.6 

71 

10  %  FD 

12.2 

0.203 

0.163 

0.243 

0.602 

0.133 

104 

71 

LLB 

5.27 

0.240  . 

0.162 

0.318 

0.472 

0.160 

38.5 

45 

VF 

11.8 

0.117 

0.030 

0.204 

0.159 

0.216 

7.4 

41 

V F  LE. 

20  YF 

11.2 

0.137 

-0.001 

0.275 

0.177 

0.202 

4.32 

22 

1.  The  form  factor-discharge  equation  is  of  the  form:  FF  =  WSM/DM  =  a-Qb 

2.  Not  significant  at  the  5%  level 
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TABLE  L.7 

COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE  VELOCITY- 
DISCHARGE  EQUATION  FOR  12  CHARACTERISTIC  DISCHARGES  FOR  GRAVEL  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING 


Q 

a 

b 

95%  confidence 
limits  for  b 

r2 

S.E. 

F 

N 

LTM 

0.561 

0.201 

0.157 

0.245 

0.547 

0.142 

83.4 

71 

1.5  YF 

1.24 

0.159 

0.126 

0.193 

0.563 

0.106 

88.8 

71 

2  YF 

1.58 

0.140 

0.106 

0.174 

0.499 

0.102 

67.8 

70 

5  YF 

2.21 

0.119 

0.077 

0.160 

0.344 

0.112 

32.4 

64 

10  YF 

2.62 

0.109 

0.052 

0.165 

0.247 

0.133 

15.1 

48 

0.5%  FD 

1.87 

0.129 

0.090 

0.168 

0.414 

0.100 

44.5 

65 

1  %  FD 

1.62 

0.139 

0.101 

0.178 

0.448 

0.103 

52.6 

67 

5  %  FD 

1.01 

0.173 

0.136 

0.210 

0.561 

0.119 

88.2 

71 

10  %  FD 

0.722 

0.202 

0.162 

0.241 

0.600 

0.133 

103 

71 

LLB 

1.48 

0.156 

0.084 

0.228 

0.308 

0.147 

19.1 

45 

VF 

1.53 

0.162 

0.117 

0.206 

0.580 

0.110 

53.9 

41 

V F  LE. 

20  YF 

1.95 

0.131 

0.064 

0.197 

0.457 

0.097 

16.8 

22 

1.  The  velocity-discharge  equation  is  of  the  form:  VM  =  a*Qb 
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TABLE  L  .8 


COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE  SLOPE- 
DISCHARGE  EQUATION  FOR  12  CHARACTERISTIC  DISCHARGES  FOR  GRAVEL  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING 


Q 

a 

b 

95%  confidence 
limits  for  b 

r2 

S.E. 

F 

N 

LTM 

0.015 

-0.307 

-0.407 

-0.208 

0.355 

0.321 

37.9 

71 

1.5  YF 

0.027 

-0.319 

-0.420 

-0.217 

0.363 

0.319 

39.4 

71 

2  YF 

0.035 

-0.342 

-0.446 

-0.237 

0.385 

0.315 

42.6 

70 

5  YF 

0.056 

-0.375 

-0.491 

-0.259 

0.404 

0.310 

42.1 

64 

10  YF 

0.056 

-0.371 

-0.506 

-0.235 

0.396 

0.322 

30.2 

48 

0.5%  FD 

0.065 

-0.405 

-0.525 

-0.286 

0.421 

0.310 

45.7 

65 

1  %  FD 

0.048 

-0.378 

-0.495 

-0.260 

0.389 

0.315 

41.3 

67 

5  %  FD 

0.021 

-0.300 

-0.401 

-0.199 

0.337 

0.326 

35.1 

71 

10  %  FD 

0.016 

-0.279 

-0.378 

-0.181 

0.317 

0.330 

32.0 

71 

LLB 

0.039 

-0.355 

-0.507 

-0.203 

0.341 

0.311 

22.2 

45 

VF 

0.060 

-0.373 

-0.492 

-0.253 

0.505 

0.296 

39.8 

41 

VF  LE. 

20  YF 

0.089 

-0.412 

-0.605 

-0.220 

0.499 

0.282 

19.9 

22 

1.  The  slope-discharge  equation  is  of  the  form:  S  =  a-Qb 
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TABLE  L.9 

COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE  MANNING 
"^‘-DISCHARGE  EQUATION  FOR  12  CHARACTERISTIC  DISCHARGES  FOR  GRAVEL 
RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING 


Q 

a 

b 

95%  confidence 
limits  for  b 

r1 2 

S.E. 

F 

N 

LTM 

0.166 

-0.169 

-0.216 

-0.122 

0.428 

0.151 

51  .6 

71 

1.5  YF 

0.083 

-0.101 

-0.135 

-0.067 

0.335 

0.108 

34.7 

71 

2 

YF 

0.073 

-0.089 

-0.125 

-0.053 

0.262 

0.109 

24.1 

70 

5 

YF 

0.063 

-0.076 

-0.122 

-0.031 

0.152 

0.122 

11.1 

64 

10 

YF 

0.052 

-0.061 

-0.124 

0.002 

0.077 

0.149 

3.8  2 

48 

0.5%  FD 

0.082 

-0.107 

-0.152 

-0.062 

0.264 

0.116 

22.6 

65 

1 

%  FD 

0.085 

-0.109 

-0.151 

-0.067 

0.290 

0.113 

26.6 

67 

5 

%  FD 

0.095 

-0.113 

-0.150 

-0.076 

0.350 

0.119 

37.2 

71 

10 

%  FD 

0.126 

-0.143 

-0.182 

-0.104 

0.440 

0.130 

54.1 

71 

LLB 

0.101 

-0.131 

0.192 

-0.071 

0.310 

0.124 

19.3 

45 

VF 

0.091 

-0.107 

-0.162 

-0.053 

0.290 

0.135 

15.9 

41 

V F  LE. 

20  YF 

0.082 

-0.093 

-0.189 

0.003 

0.169 

0.140 

4.1  2 

22 

1.  The  Manning  "n"-di scharge  equation  is  of  the  form: 

n  =  1.486-DM°-667-S°-500/VM  =  a-Qb 

2.  Not  significant  at  the  5%  level. 
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TABLE  L.10 


COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE 
WIDTH-DISCHARGE  EQUATION  FOR  THREE  CHARACTERISTIC  DISCHARGES 
AND  SIX  SCREENINGS 


Q 

Screeni ng 

a 

b 

95»  confidence 
limits  for  b 

2 

r 

S.E. 

F 

N 

LTM 

All 

4.34 

0.540 

0.516 

0.563 

0.957 

0.099 

2072 

95 

LTM 

Sand-1 

3.13 

0.585 

0.531 

0.639 

0.970 

0.103 

525 

18 

LTM 

Sand-2 

3.29 

0.570 

0.521 

0.620 

0.988 

0.074 

688 

10 

LTM 

Gravel-1 

4.84 

0.520 

0.491 

0.548 

0.949 

0.093 

1293 

71 

LTM 

Gravel -2 

5.44 

0.507 

0.472 

0.542 

0.950 

0.092 

852 

47 

LTM 

Gravel-3 

5.04 

0.521 

0.466 

0.577 

0.929 

0.094 

369 

30 

2  YF 

All 

1.96 

0.552 

0.528 

0.577 

0.955 

0.094 

1950 

93 

2  YF 

Sand-1 

1.01 

0.626 

0.538 

0.714 

0.939 

0.134 

232 

17 

2  YF 

Sand-2 

0.671 

0.656 

0.553 

0.760 

0.970 

0.110 

225 

9 

2  YF 

Gravel  -1 

2.38 

0.527 

0.501 

0.552 

0.962 

0.076 

1724 

70 

2  YF 

Gravel-2 

2.50 

0.522 

0.489 

0.555 

0.958 

0.081 

1007 

46 

2  YF 

Gravel-3 

2.13 

0.544 

0.493 

0.596 

0.946 

0.082 

469 

29 

VF 

All 

2.27 

0.502 

0.461 

0.543 

0.909 

0.131 

598 

62 

VF 

Sand-1 

1.56 

0.549 

0.442 

0.657 

0.888 

0.172 

118 

17 

VF 

Sand-2 

1.84 

0.531 

0.332 

0.731 

0.850 

0.222 

40 

9 

VF 

Gravel  -1 

2.78 

0.478 

0.432 

0.524 

0.920 

0.114 

446 

41 

VF 

Gravel-2 

2.55 

0.486 

0.430 

0.541 

0.920 

0.112 

322 

30 

VF 

Gravel-3 

2.80 

0.476 

0.399 

0.553 

0.893 

0.113 

167 

22 

1.  The  width-discharge  equation  is  of  the  form:  WSM  =  a-Qb 
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TABLE  L.ll 


COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE 
AREA-DISCHARGE  EQUATION  FOR  THREE  CHARACTERISTIC  DISCHARGES 
AND  SIX  SCREENINGS 


Q 

Screeni ng 

a 

b 

95%  confidence 

1 imi ts  for  b 

r2 

S.E. 

F 

N 

LTM 

All 

1.64 

0.826 

0.787 

0.865 

0.951 

0.162 

1792 

95 

LTM 

Sand-1 

1.39 

0.876 

0.806 

0.945 

0.978 

0.132 

718 

18 

LTM 

Sand-2 

1.44 

0.881 

0.773 

0.989 

0.978 

0.159 

355 

10 

LTM 

Gravel -1 

1.78 

0.799 

0.754 

0.843 

0.950 

0.142 

1310 

71 

LTM 

Gravel-2 

2.11 

0.782 

0.729 

0.835 

0.952 

0.138 

895 

47 

LTM 

Gravel-3 

2.70 

0.742 

0.659 

0.826 

0.922 

0.140 

363 

30 

2  YF 

All 

0.551 

0.890 

0.854 

0.928 

0.962 

0.139 

2286 

93 

2  YF 

Sand-1 

0.723 

0.902 

0.850 

0.954 

0.989 

0.079 

1372 

17 

2  YF 

Sand-2 

0.579 

0.924 

0.822 

1.02 

0.985 

0.108 

462 

9 

2  YF 

Gravel-1 

0.632 

0.860 

0.826 

0.894 

0.974 

0.102 

2551 

70 

2  YF 

Gravel -2 

0.767 

0.844 

0.803 

0.886 

0.975 

0.101 

1696 

46 

2  YF 

Gravel-3 

0.929 

0.823 

0.761 

0.885 

0.965 

0.098 

737 

29 

VF 

All 

0.786 

0.838 

0.787 

0.890 

0.947 

0.163 

1078 

62 

VF 

Sand-1 

1.63 

0.808 

0.728 

0.888 

0.969 

0.128 

462 

17 

VF 

Sand-2 

1.63 

0.814 

0.694 

0.934 

0.974 

0.133 

258 

9 

VF 

Gravel -1 

0.655 

0.838 

0.794 

0.883 

0.974 

0.110 

1452 

41 

VF 

Gravel-2 

0.651 

0.844 

0.786 

0.902 

0.969 

0.118 

882 

30 

VF 

Gravel-3 

0.812 

0.820 

0.744 

0.895 

0.962 

0.111 

510 

22 

1.  The  area-discharge  equation  is  of  the  form:  AM  =  a-Qb 
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TABLE  L .  1 2 


COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE 
DEPTH-DISCHARGE  EQUATION  FOR  THREE  CHARACTERISTIC  DISCHARGES 
AND  SIX  SCREENINGS 


Q 

Screening 

a 

b 

95«  confidence 

1  imits  for  b 

r2 

S.E. 

F 

N 

LTM 

Ail 

0.377 

0.286 

0.256 

0.316 

0.791 

0.127 

353 

95 

LTM 

Sand-1 

0.443 

0.291 

0.213 

0.368 

0.798 

0.148 

63.3 

18 

LTM 

Sand-2 

0.437 

0.311 

0.211 

0.411 

0.864 

0.148 

51  .0 

10 

LTM 

Gravel-1 

0.368 

0.279 

0.246 

0.312 

0.805 

0.106 

284 

71 

LTM 

Gravel-2 

0.387 

0.275 

0.235 

0.316 

0.806 

0.106 

187 

47 

LTM 

Gravel-3 

0.535 

0.221 

0.158 

0.284 

0.651 

0.106 

52.1 

30 

2  YF 

All 

0.282 

0.338 

0.304 

0.371 

0.816 

0.126 

405 

93 

2  YF 

Sand-1 

0.717 

0.276 

0.204 

0.349 

0.815 

0.110 

66.1 

17 

2  YF 

Sand-2 

0.864 

0.268 

0.197 

0.338 

0.920 

0.075 

81.0 

9 

2  YF 

Gravel  -1 

0.266 

0.333 

0.302 

0.364 

0.871 

0.094 

458 

70 

2  YF 

Gravel-2 

0.307 

0.322 

0.286 

0.359 

0.878 

0.090 

316 

46 

2  YF 

Gravel-3 

0.435 

0.278 

0.223 

0.334 

0.796 

0.088 

105 

29 

VF 

All 

0.346 

0.337 

0.287 

0.386 

0.756 

0.158 

186 

62 

VF 

Sand-1 

1.05 

0.258 

0.186 

0.331 

0.795 

0.115 

58.2 

17 

VF 

Sand-2 

0.885 

0.283 

0.173 

0.393 

0.841 

0.122 

37.0 

9 

VF 

Gravel -1 

0.236 

0.361 

0.309 

0.413 

0.835 

0.129 

197 

41 

VF 

Gravel-2 

0.255 

0.358 

0.294 

0.422 

0.825 

0.129 

132 

30 

VF 

Gravel -3 

0.290 

0.344 

0.244 

0.444 

0.721 

0.146 

51.7 

22 

1.  The  depth-discharge  equation  is  of  the  form:  DM  *  a‘Qb 
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TABLE  L.13 


COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR 
THE  FORM  FACTOR-DISCHARGE  EQUATION  FOR  THREE  CHARACTERISTIC 
DISCHARGES  AND  SIX  SCREENINGS 


Q 

Screeni  ng 

a 

b 

95%  confidence 
limits  for  b 

r1 2 

S.E. 

F 

N 

LTM 

All 

11.5 

0.254 

0.216 

0.292 

0.654 

0.159 

176. 

95 

LTM 

Sand-1 

7.06 

0.294 

0.180 

0.408 

0.651 

0.218 

29.8 

18 

LTM 

Sand-2 

7.53 

0.259 

0.143 

0.375 

0.767 

0.172 

26.3 

10 

LTM 

Gravel-1 

13.2 

0.240 

0.196 

0.284 

0.635 

0.141 

120.2 

71 

LTM 

Gravel-2 

14.0 

0.232 

0.177 

0.286 

0.620 

0.142 

73.5 

47 

LTM 

Gravel-3 

9.42 

0.300 

0.216 

0.384 

0.655 

0.142 

53.1 

30 

2  YF 

All 

6.93 

0.215 

0.169 

0.260 

0.488 

0.172 

86.7 

93 

2  YF 

Sand-1 

1.04 

0.350 

0.198 

0.502 

0.615 

0.232 

24.0 

17 

2  YF 

Sand-2 

0.777 

0.388 

0.244 

0.533 

0.852 

0.155 

40.2 

9 

2  YF 

Gravel-1 

8.95 

0.194 

0.148 

0.239 

0.515 

0.137 

72.3 

70 

2  YF 

Gravel-2 

8.15 

0.200 

0.144 

0.256 

0.538 

0.138 

51.3 

46 

2  YF 

Gravel-3 

4.90 

0.266 

0.178 

0.354 

0.590 

0.138 

38.8 

29 

VF 

All 

6.55 

0.166 

0.090 

0.241 

0.244 

0.240 

19.4 

62 

VF 

Sand-1 

1.48 

0.291 

0.126 

0.455 

0.485 

0.263 

14.1 

17 

VF 

Sand-2 

2.08 

0.249 

-0.050 

0.547 

0.356 

0.332  ' 

3.9  2 

9 

VF 

Gravel-1 

11.8 

0.117 

0.030 

0.204 

0.159 

0.216 

7.4 

41 

VF 

Gravel -2 

9.97 

0.128 

0.024 

0.232 

0.184 

0.212 

6.3 

30 

VF 

Gravel -3 

9.67 

0.132 

-0.029 

0.293 

0.127 

0.236 

2.9  2 

22 

1.  The  form  factor-discharge  equation  is  of  the  form:  FF  =  WSM/DM  =  a-Qb 

2.  Not  significant  at  the  5%  level 
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TABLE  L.14 


COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE 
VELOCITY-DISCHARGE  EQUATION  FOR  THREE  CHARACTERISTIC  DIS¬ 
CHARGES  AND  SIX  SCREENINGS 


Q 

Screeni ng 

a 

b 

95%  confidence 

1  imits  for  b 

r" 

S.E. 

F 

N 

LTM 

All 

0.610 

0.174 

0.135 

0.213 

0.461 

0.162 

79.6 

95 

LTM 

Sand-1 

0.722 

0.124 

0.055 

0.194 

0.476 

0.132 

14.5 

18 

LTM 

Sand-2 

0.695 

0.119 

0.011 

0.227 

0.448 

0.159 

6.50 

10 

LTM 

Gravel -1 

0.561 

0.201 

0.157 

0.245 

0.547 

0.142 

83.4 

71 

LTM 

Gravel-2 

0.475 

0.218 

0.165 

0.270 

0.607 

0.138 

69.5 

47 

LTM 

Gravel-3 

0.371 

0.258 

0.174 

0.341 

0.589 

0.140 

40.1 

30 

2  YF 

All 

1.82 

0.109 

0.072 

0.146 

0.275 

0.139 

34.5 

93 

2  YF 

Sand-1 

1.38 

0.098 

0.046 

0.150 

0.517 

0.079 

16.0 

17 

2  YF 

Sand-2 

1.73 

0.076 

-0.025 

0.178 

0.311 

0.104 

3.17 

9 

2  YF 

Gravel -1 

1.58 

0.140 

0.106 

0.174 

0.499 

0.102 

67.8 

70 

2  YF 

Gravel-2 

1.30 

0.156 

0.114 

0.197 

0.567 

0.101 

57.6 

46 

2  YF 

Gravel-3 

1.08 

0.178 

0.115 

0.239 

0.558 

0.098 

34.0 

29 

VF 

All 

1.27 

0.162 

0.110 

0.213 

0.400 

0.163 

40.0 

62 

VF 

Sand-1 

0.612 

0.192 

0.112 

0.272 

0.636 

0.128 

26.2 

17 

VF 

Sand-2 

0.613 

0.186 

0.066 

0.306 

0.658 

0.133 

13.5 

9 

VF 

Gravel  -1 

1.53 

0.162 

0.117 

0.206 

0.580 

0.110 

53.9 

41 

VF 

Gravel-2 

1.54 

0.156 

0.098 

0.214 

0.519 

0.118 

30.2 

30 

VF 

Gravel-3 

1.23 

0.180 

0.105 

0.256 

0.553 

0.111 

24.7 

22 

1.  The  velocity-discharge  equation  is  of  the  form:  VM  =  a-Qb 


TABLE  L.15 


COEFFICIENT,  EXPONENTS,  AND  STATISTICAL  PARAMETERS  FOR  THE 
SLOPE-DISCHARGE  EQUATION  FOR  THREE  CHARACTERISTIC  DISCHARGES 
AND  SIX  SCREENINGS 


Q 

Screeni ng 

a 

b 

95%  confidence 
limits  for  b 

S.E. 

F 

N 

LTM 

All 

0.015 

-0.371 

-0.481 

-0.262 

0.328 

0.458 

45.5 

95 

LTM 

Sand-1 

0.0015 

-0.265 

-0.385 

-0.145 

0.579 

0.229 

22.0 

18 

LTM 

Sand-2 

0.0015 

-0.288 

-0.405 

-0.172 

0.803 

0.172 

32.5 

10 

LTM 

Gravel  -1 

0.015 

-0.307 

-0.407 

-0.208 

0.355 

0.321 

37.9 

71 

LTM 

Gravel -2 

0.010 

-0.272 

-0.394 

-0.151 

0.312 

0.318 

20.4 

47 

LTM 

Gravel -3 

0.010 

-0.269 

-0.458 

-0.030 

0.233 

0.318 

8.51 

30 

2  YF 

All 

0.045 

-0.420 

-0.541 

-0.299 

0.345 

0.454 

47.9 

93 

2  YF 

Sand-1 

0.0038 

-0.314 

-0.471 

-0.158 

0.549 

0.239 

18.2 

17 

2  YF 

Sand-2 

0.0037 

-0.329 

-0.545 

-0.113 

0.650 

0.230 

13.0 

9 

2  YF 

Gravel -1 

0.035 

-0.342 

-0.446 

-0.237 

0.385 

0.315 

42.6 

70 

2  YF 

Gravel -2 

0.020 

-0.292 

-0.421 

-0.162 

0.319 

0.318 

20.6 

46 

2  YF 

Gravel -3 

0.020 

-0.293 

-0.495 

-0.092 

0.248 

0.318 

8.91 

29 

VF 

All 

0.020 

-0.324 

-0.475 

-0.172 

0.232 

0.484 

18.1 

62 

VF 

Sand-1 

0.0011 

-0.164 

-0.340 

0.012 

0.209 

0.281 

3.95 

17 

VF 

Sand-2 

0.0013 

-0.206 

-0.446 

0.035 

0.369 

0.268 

4.10 

9 

VF 

Gravel-1 

0.060 

-0.373 

-0.492 

-0.253 

0.505 

0.296 

39.8 

41 

VF 

Gravel-2 

0.030 

-0.316 

-0.459 

-0.173 

0.421 

0.291 

20.4 

30 

VF 

Gravel -3 

0.031 

-0.319 

-0.523 

-0.115 

0.347 

0.299 

10.6 

22 

1.  The  slope-discharge  equation  is  of  the  fora:  S  *  a-Qb 


■ 

TABLE  L.16 


COEFFICIENTS,  EXPONENTS,  AND  STATISTICAL 
MANNING  "n"-DISCHARGE  EQUATION  FOR  THREE 
DISCHARGES  AND  SIX  SCREENINGS 


PARAMETERS  FOR 
CHARACTERISTIC 


Q 

Screening 

a 

b 

95%  confidence 
limits  for  b 

r1 2 

S.E. 

F 

N 

LTM 

All 

0.153 

-0.169 

-0.210 

-0.127 

0.413 

0.174 

62.5 

95 

LTM 

Sand-1 

0.047 

-0.063 

-0.144 

0.017 

0.148 

0.153 

2.8 

2 

18 

LTM 

Sand-2 

0.048 

-0.056 

-0.184 

0.072 

0.113 

0.188 

1.0 

2 

10 

LTM 

Gravel -1 

0.166 

-0.169 

-0.216 

-0.122 

0.428 

0.151 

51.7 

71 

LTM 

Gravel -2 

0.169 

-0.170 

-0.231 

-0.110 

0.421 

0.157 

32.7 

47 

LTM 

Gravel-3 

0.265 

-0.245 

-0.330 

-0.160 

0.555 

0.143 

34.9 

30 

2  YF 

All 

0.074 

-0.094 

-0.122 

-0.066 

0.334 

0.104 

45.6 

93 

2  YF 

Sand-1 

0.053 

-0.070 

-0.121 

-0.020 

0.368 

0.078 

8.8 

17 

2  YF 

Sand-2 

0.047 

-0.062 

-0.137 

0.012 

0.362 

0.079 

4.0 

2 

9 

2  YF 

Gravel-1 

0.073 

-0.089 

-0.125 

-0.053 

0.262 

0.109 

24.1 

70 

2  YF 

Gravel-2 

0.074 

-0.086 

-0.133 

-0.040 

0.245 

0.113 

14.3 

46 

2  YF 

Gravel-3 

0.122 

-0.138 

-0.203 

-0.073 

0.416 

0.102 

19.2 

29 

VF 

All 

0.082 

-0.099 

-0.139 

-0.058 

0.285 

0.129 

23.9 

62 

VF 

Sand-1 

0.083 

-0.102 

-0.18 

-0.024 

0.340 

0.125 

7.7 

17 

VF 

Sand-2 

0.082 

-0.100 

-0.228 

0.028 

0.327 

0.143 

3.4 

2 

9 

VF 

Gravel-1 

0.091 

-0.107 

-0.162 

-0.053 

0.290 

0.135 

15.9 

41 

VF 

Gravel-2 

0.067 

-0.075 

-0.149 

-0.002 

0.135 

0.150 

4.4 

30 

VF 

Gravel-3 

0.093 

-0.111 

-0.208 

-0.013 

0.218 

0.143 

5.6 

22 

1.  The  Manning's  "n"-discharge  equation  is  of  the  form:  n  =  1.486-DM°-667S°-500/VM  =  a-0b 

2.  Not  significant  at  the  5%  level 


LI  9 


table  L.17 

EVALUATION  OF  LACEY  TYPE  EQUATIONS  FOR  GRAVEL  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC 
DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD 


c.v. 

Equation 

a 

b 

c 

for  a 

S.E. 

r1 2 3 4 5 

N 

Note 

WSM  =  a-Qb 

2.67 

0.500 

2. 

3.03 

(2.98) 

0.500 

0.182 

70 

3. 

2.38 

0.527 

0.076 

0.962 

70 

4. 

VM  =  a-UMb-Sc 

16.0 

0.667 

0.333 

15.7 

(16.1) 

0.667 

0.333 

0.213 

70 

12.6 

0.608 

0.288 

0.104 

0.495 

70 

VM  =  a • DMb • DG90C 

0.500 

0.250 

5. 

3.36 

(3.27) 

0.500 

0.250 

0.311 

67 

3.86 

0.255 

0.084 

0.129 

0.210 

67 

VM  =  a-DMb-DG50c 

6.18 

0.500 

0.250 

5. 

4.08 

(3.86) 

0.500 

0.250 

0.255 

67 

4.25 

0.255 

0.103 

0.129 

0.212 

67 

S  =  DG90b/Qc 

0.833 

0.167 

5. 

a 

68.6 

(49.0) 

0.833 

0.167 

0.858 

67 

18.1 

0.499 

0.332 

0.303 

0.430 

67 

S  =  DG50b/Qc 

6.85 

0.833 

0.167 

5. 

a 

35.4 

(26.9) 

0.833 

0.167 

0.809 

67 

10.4 

0.536 

0.334 

0.302 

0.432 

67 

— 

_ 

1.  These  equations  were  not  specifically  developed  for  gravel  rivers.  See  text  for  further 
explanation  and  qualification  of  equations  used  in  this  TABLE. 

2.  If  neither  the  coefficient  of  variation  (c.v.),  nor  the  coefficient  of  determination  (r  ) 
are  filled  In,  the  values  of  the  coefficient,  and  the  exponent(s)  are  those  given  by  Lacey. 

3.  If  the  coefficient  of  variation  (c.v.)  is  filled  in,  the  exponent(s)  was  fixed  at  those 
given  by  Lacey  and  the  coefficient  was  evaluated.  The  bracketed  value  under  "a"  in  this 
case  is  the  value  of  the  median  for  "a". 

4.  If  the  standard  error  (S.E.)  and  the  coefficient  of  determination  (r")  are  filled  in,  the 
coefficient  and  the  exponent(s)  were  evaluated  by  linear  regression  using  a  logarithmic 
transformation. 

5.  The  original  equations  used  a  silt  factor  which  was  a  constant  times  the  square  root  of  the 
median  grain  size  in  inches.  In  this  analysis  all  grain  sizes  are  in  feet  unless  otherwise 
noted. 
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TABLE  L .18 

EVALUATION  OF  LACEY  TYPE  EQUATIONS  FOR  GRAVEL  RIVERS  SATIS¬ 
FYING  THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC 
DISCHARGE  CORRESPONDING  TO  THE  ELEVATION  OF  THE  VALLEY  FLAT 


c.v. 

Equation 

a 

b 

c 

for  a 

S.E. 

r1 2 3 4 5 

N 

Note 

WSM  =  a-Qb 

2.67 

0.500 

2. 

2.32 

(2.17) 

0.500 

0.250 

3. 

2.78 

0.478 

0.114 

0.920 

41 

4. 

VM  =  a-DMb-Sc 

16.0 

0.667 

0.333 

16.5 

(16.0) 

0.667 

0.333 

0.293 

41 

9.65 

0.535 

0.215 

0.136 

0.381 

41 

VM  =  a-DMb-DG90c 

0.500 

0.250 

5. 

3.62 

(3.46) 

0.500 

0.250 

0.361 

39 

4.67 

0.269 

0.114 

0.141 

0.271 

39 

VM  =  a-DMb-DG50c 

6.18 

0.500 

0.250 

5. 

4.39 

(4.15) 

0.500 

0.250 

0.377 

39 

\ 

4.55 

0.265 

0.049 

0.143 

0.251 

39 

S  =  DG90b/Qc 

0.833 

0.167 

5. 

a 

63.6 

(45.1) 

0.833 

0.167 

0.831 

39 

10.0 

0.549 

0.364 

0.284 

0.550 

39 

S  =  DG50b/Qc 

6.85 

0.833 

0.167 

5. 

a 

23.0 

(24.9) 

0.833 

0.167 

0.788 

39 

6.50 

0.612 

0.353 

0.286 

0.540 

39 

_ 1 

1.  These  equations  were  not  specifically  developed  for  gravel  rivers.  See  text  for  further 
explanation  and  qualification  of  equations  used  in  this  TABLE. 

2.  If  neither  the  coefficient  of  variation  (c.v.),  nor  the  coefficient  of  determination  (r  ) 
are  filled  in,  the  values  of  the  coefficient,  and  the  exponent(s)  are  those  given  by  Lacey. 

3.  If  the  coefficient  of  variation  (c.v.)  is  filled  in,  the  exponent(s)  was  fixed  at  those 

given  by  Lacey  and  the  coefficient  was  evaluated.  The  bracketed  value  under  "a"  in  this 
case  is  the  value  of  the  median  for  "a".  ~ 

4.  If  the  standard  error  (S.E.)  and  the  coefficient  of  determination  (r  )  are  filled  in,  the 
coefficient  and  the  exponent(s)  were  evaluated  by  linear  regression  using  a  logarithmic 
transformation. 

5.  The  original  equations  used  a  silt  factor  which  was  a  constant  times  the  square  root  of  the 
median  grain  size  in  inches.  In  this  analysis  all  grain  sizes  are  In  feet  unless  otherwise 
noted. 
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TABLE  L.19 

EVALUATION  OF  BLENCH  TYPE  EQUATIONS  FOR  GRAVEL  RIVERS  SATIS¬ 
FYING  THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC 
DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD  '• 


c.v. 

Equation 

a 

b 

for  a 

S.E. 

r1 2 

N 

Note 

VM2/DM  *  a-(DM/DG90)b 

-0.500 

2. 

24.8 

(22.9) 

-0.500 

0.503 

67 

3. 

14.5 

-0.374 

0.262 

0.170 

67 

4. 

VM2/DM  =  a-(DM/DG50)b 

48.0 

-0.500 

36.4 

(33.2) 

-0.500 

0.527 

67 

21.3 

-0.384 

0.260 

0.184 

67 

No  movement:  Cooper-Neill 

21.6 

-0.418 

0.240 

0.251 

60 

No  movement:  Galay 

53.2 

-0.915 

0.217 

0.428 

21 

VM2/DM  =  a-(DG50)b 

7.30 

0.250 

5. 

11.5 

(9.73) 

0.250 

0.613 

67 

8.92 

0.213 

0.284 

0.021 

67 

6. 

No  movement:  Cooper-Neill 

12.6 

0.467 

0.263 

0.103 

60 

No  movement:  Galay 

10.8 

0.590 

0.272 

0.098 

21 

6. 

VM3 4 5 6 7/WSM  =  a 

Banks:  gravel,  or  cobble 

0.572 

0.801 

19 

overlain  by  silt 
for  this  equation 

(0.399) 

VM3/WSM  =  a 

Banks:  gravel,  or  cobble 

1.10 

0.737 

44 

for  this  equation 

(0.778) 

VM3/WSM  =  a-  (VM2/DM)b 

0.125 

2.00 

Banks:  gravel,  or  cobble 

0.017 

2.00 

0.795 

44 

for  this  equation 

(0.013) 

0.066 

1.25 

0.137 

0.858 

44 

VM2/(g-DM-S) 

0.250 

7. 

=  a  •  ( VM •  WSM/  ^  )b 

1.18 

(1.12) 

0.250 

0.489 

70 

0.0398 

0.430 

0.208 

0.515 

70 

No  movement:  Cooper-Neill 

0.050 

0.417 

0.220 

0.303 

60 

No  movement:  Galay 

0.270 

0.308 

0.229 

0.181 

21 

6. 

VM2/(g- DM- S) • SCOR 

3.63 

0.250 

=  a • ( VM • WSM/  »  )b 

1.99 

(1.87) 

0.250 

0.516 

70 

0.110 

0.403 

0.219 

0.457 

70 

1.  See  text  for  further  explanation  and  qualification  of  equations  used  in  this  TABLE.  7 

2.  If  neither  the  coefficient  of  variation  (c.v.),  nor  the  coefficient  of  determination  (r“)  are 
filled  in,  the  values  of  the  coefficient,  and  the  exponent  are  those  given  by  Blench. 

3.  If  the  coefficient  of  variation  (c.v.)  is  filled  in,  the  exponent  was  fixed  as  that  given  by 
Blench  and  the  coefficient  was  evaluated.  The  bracketed  value  under  "a"  in  this  case  is  the 
value  of  the  median  for  "a". 

4.  If  the  standard  error  (S.E.)  and  the  coefficient  of  determination  (r  )  are  filled  in,  the 
coefficient  and  the  exponent  were  evaluated  by  linear  regression  using  a  logarithmic  transformati  or. 

5.  This  expression  is  stated  to  be  valid  for  DM/DG50  GT.  about  500,  for  all  rivers  used  in  this 
analysis,  DM/DG50  was  LT.  about  200. 

6.  Not  significant  at  5 i  level  using  the  F-ratio. 

7.  This  expression  was  developed  for  duned  sand-bed  channels. 
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TABLE  L .20 

EVALUATION  OF  BLENCH  TYPE  EQUATIONS  FOR  GRAVEL  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC  , 
DISCHARGE  CORRESPONDING  TO  THE  ELEVATION  OF  THE  VALLEY  FLAT  * 


Equation 

a 

b 

c.v. 
for  a 

S.E. 

r1 2 

N 

Note 

VM2/DM  =  a-(DM/DG90)b 

-0.500 

2. 

38.8 

-0.500 

0.746 

39 

3. 

(28.8) 

21.8 

-0.382 

0.281 

0.229 

39 

4. 

VM2/DM  =  a- ( DM/DG50) b 

48.0 

-0.500 

57.3 

-0.500 

0.742 

39 

(39.8) 

27.0 

-0.361 

0.195 

0.195 

39 

No  movement:  Cooper-Nelll 

42.7 

-0.597 

0.183 

0.559 

22 

No  movement:  Gal  ay 

113. 

-1.12 

0.015 

0.998 

4 

VM2/UM  =  a-(0G50)b 

7.30 

0.250 

5. 

13.7 

0.250 

0.749 

39 

(11.5) 

10.5 

0.242 

0.317 

0.020 

39 

6. 

No  movement:  Cooper-Nelll 

20.5 

0.753 

0.240 

0.241 

22 

No  movement:  Gal  ay 

87.7 

1.84 

0.323 

0.438 

4 

6. 

VM3 4 5 6 7 8/WSM  =  a 

Banks:  gravel  or  cobble 

1.96 

1.05 

14 

overlain  by  silt 

(0.930) 

for  this  equation 

VM3/WSM  =  a 

Banks:  gravel  or  cobble 

2.21 

0.873 

22 

for  this  equation 

(1.39) 

VM3/WSM  =  a-(VM2/DM)b 

0.125 

2.00 

Banks:  gravel  or  cobble 

0.024 

2.00 

0.901 

22 

for  this  equation 

(0.015) 

0.130 

1.12 

0.226 

0.591 

22 

VM2/(g-DM-S) 

0.250 

7. 

=  a- (VM’WSM/  *  )b 

1.45 

0.250 

0.673 

41 

(1.17) 

0.0086 

0.513 

0.251 

0.547 

41 

No  movement:  Cooper-Neill 

0.0068 

0.520 

0.242 

0.428 

22 

No  movement:  Gal  ay 

0.000 

1.67 

0.246 

0.762 

4 

8. 

VM2/(g-DM-S)-SC0R 

3.63 

0.250 

=  a- (VM-WSM/  V  )b 

2.60 

0.250 

0.760 

41 

(2.11) 

0.019 

0.502 

0.264 

0.510 

41 

1.  See  text  for  further  explanation  and  qualification  of  equations  used  in  this  TABLE. 

2.  If  neither  the  coefficient  of  variation  (c.v.),  nor  the  coefficient  of  determination  (r^)  are 
filled  in,  the  values  of  the  coefficient,  and  the  exponent  are  those  given  by  Blench. 

3.  If  the  coefficient  of  variation  (c.v.)  is  filled  in,  the  exponent  was  fixed  as  that  given  by 

Blench  and  the  coefficient  was  evaluated.  The  bracketed  value  under  "a"  in  this  case  Is  the 
value  of  the  median  for  "a".  ~ 

4.  If  the  standard  error  (S.E.)  and  the  coefficient  of  determination  (r  )  are  filled  in,  the 
coefficient  and  the  exponent  were  evaluated  by  linear  regression  using  a  logarithmic 
transformation. 

5.  This  expression  is  stated  to  be  valid  for  DM/DG50  GT.  about  500,  for  all  rivers  used  in  this 
analysis,  DM/DG50  was  LT.  about  200. 

6.  Not  significant  at  5%  level  using  the  F-ratio. 

7.  This  expression  was  developed  for  duned  sand-bed  channels. 

8.  Log(a)  =  -10.769 
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TABLE  1.21 

EVALUATION  OF  HENDERSON  TYPE  EQUATIONS  FOR  GRAVEL  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC 
DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD1- 


Equation 

c.v. 

r2 3 4 5 

a 

b 

c 

d 

for  a 

S.E. 

N 

Note 

WSM  =  a-Qb-Sc/D690d 

1.00 

1.167 

1.50 

2. 

21.2 

(13.2) 

1.00 

1.167 

1.50 

1.24 

67 

3. 

2.08 

0.520 

-0.024 

0.055 

0.075 

0.961 

67 

4. 

WSM  =  a-Qb-Sc/DG50d 

1.14 

1.00 

1.167 

1.50 

6.22 

(4.00) 

1.00 

1.167 

1.50 

1.10 

67 

1.96 

0.520 

-0.025 

0.055 

0.076 

0.961 

67 

DM  *  a* ( DG90/S ) b 

1.00 

0.030 

(0.025) 

1.00 

0.675 

67 

0.378 

0.473 

0.169 

0.553 

67 

DM  =  a-(DG50/S)b 

0.091 

1.00 

0.064 

(0.055) 

1.00 

0.684 

67 

0.501 

0.492 

0.165 

0.576 

67 

No  movement:  Cooper-Neill 

0.351 

0.563 

0.162 

0.616 

60 

No  movement:  Gal  ay 

0.663 

0.359 

0.109 

0.525 

21 

VM  =  a-DMb-Sc 

32.0 

0.500 

0.333 

20.2 

(21.0) 

0.500 

0.333 

6.288 

0.231 

70 

12.6 

0.608 

0.104 

0.495 

70 

No  movement:  Cooper-Neill 

11.2 

0.593 

0.270 

0.106 

0.495 

60 

No  movement:  Gal  ay 

10.3 

0.322 

0.235 

0.108 

0.231 

21 

5. 

1.  See  text  for  further  explanation  and  qualification  of  equations  used  in  this  TABLE. 

2.  If  neither  the  coefficient  of  variation  (c.v.),  nor  the  coefficient  of  determination  (r2)  are 
filled  in,  the  values  of  the  coefficient,  and  the  exponent(s)  are  those  given  by  Henderson. 

3.  If  the  coefficient  of  variation  (c.v.)  is  filled  in,  the  exponent(s)  was  fixed  as  that  given 

by  Henderson  and  the  coefficient  was  evaluated.  The  bracketed  value  under  "a"  in  this  case  is 
the  value  of  the  median  for  "a".  2 

4.  If  the  standard  error  (S.E.)  and  the  coefficient  of  determination  (r  )  are  filled  in,  the 
coefficient  and  the  exponent(s)  were  evaluated  by  linear  regression  using  a  logarithmic 
transformation. 

5.  Not  significant  at  the  5%  level  using  the  F-ratio. 
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TABLE  L.22 

EVALUATION  OF  HENDERSON  TYPE  EQUATIONS  FOR  GRAVEL  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC  _ 
DISCHARGE  CORRESPONDING  TO  THE  ELEVATION  OF  THE  VALLEY  FLAT1 • 


Equation 

a 

b 

c 

d 

c.v. 
for  a 

S.E. 

r2 3 4 5 

N 

Note 

WSM  =  a-QD-Sc/UG90d 

1.00 

1.167 

1.50 

2. 

8.92 

1.00 

1.167 

1.50 

0.814 

39 

3. 

(7.49) 

3.84 

0.523 

0.131 

0.083 

0.110 

0.921 

39 

4. 

WSM  =  a-Qb-Sc/DG50d 

1.14 

1.00 

1.167 

1.50 

2.90 

1.00 

1.167 

1.50 

0.956 

39 

(2.07) 

3.82 

0.516 

0.112 

0.021 

0.111 

0.920 

39 

DM  =  a-(DG90/S)b 

1.00 

0.043 

1.00 

0.542 

39 

(0.036) 

0.275 

0.621 

0.187 

0.642 

39 

DM  =  a-(DG50/S)b 

0.091 

1.00 

0.090 

1.00 

0.510 

39 

(0.080) 

0.402 

0.642 

0.186 

0.646 

39 

No  movement:  Cooper-Neill 

0.509 

0.536 

0.158 

0.614 

22 

No  movement:  Gal  ay 

1.23 

0.267 

0.272 

0.212 

4 

5. 

VM  =  a-0Mb-Sc 

32.0 

0.500 

0.333 

23.3 

0.500 

0.333 

0.330 

41 

(22.2) 

9.65 

0.535 

0.215 

0.136 

0.381 

41 

No  movement:  Cooper-Neill 

6.15 

0.256 

0.089 

0.103 

0.143 

22 

5. 

Ho  movement:  Gal  ay 

1  29 

-  o  357 

-0.217 

0.055 

0.835 

LI 

5. 

1.  See  text  for  further  explanation  and  qualification  of  equations  used  in  this  TABLE. 

2.  If  neither  the  coefficient  of  variation  (c.v.),  nor  the  coefficient  of  determination  (r2)  are 
filled  in,  the  values  of  the  coefficient,  and  the  exponent(s)  are  those  given  by  Henderson. 

3.  If  the  coefficient  of  variation  (c.v.)  is  filled  in,  the  exponent(s)  was  fixed  as  that  given 
by  Henderson  and  the  coefficient  was  evaluated.  The  bracketed  value  under  "a"  in  this  case  is 
the  value  of  the  median  for  "a". 

4.  If  the  standard  error  (S.E.)  and  the  coefficient  of  determination  (r2)  are  filled  in,  the 
coefficient  and  the  exponent(s)  were  evaluated  by  linear  regression  using  a  logarithmic 
transformation. 

5.  Not  significant  at  the  5%  level  using  the  F-ratio. 
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TABLE  L.23 


EVALUATION  OF  KELLERHALS  TYPE  EQUATIONS  FOR 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  A 
DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOODS 


GRAVEL  RIVERS 
CHARACTERISTIC 


Equation 

a 

b 

c 

c.v. 
for  a 

S.E. 

r1 2 3 4 5 

N 

Note 

WSM  =  a-Qb 

1.80 

0.500 

2. 

3.03 

(2.98) 

0.500 

0.182 

70 

3. 

2.38 

0.527 

0.076 

0.962 

70 

4. 

VM/(9-DM-S)°-50C 

6.50 

0.250 

42 

=  a-(DM/DG90)b 

5.33 

(5.33) 

0.250 

0.255 

67 

5.02 

0.261 

0.117 

0.365 

67 

VM/(g-DM-S)0-500 

0.250 

=  a-(DM/DG50)b 

4.40 

(4.40) 

0.250 

0.251 

67 

No  movement:  Cooper-Neill 

3.84 

0.281 

0.116 

0.376 

67 

3.83 

0.282 

0.121 

0.378 

60 

No  movement:  Gal  ay 

5.54 

0.096 

0.125 

0.024 

21 

5. 

T • DM • S  =  a  •  (DGS0)b 

1.25 

0.800 

42 

1.48 

0.27) 

0.800 

0.616 

67 

No  movement:  Cooper-Neill 

0.909 

0.485 

0.244 

0.167 

67 

0.975 

0.566 

0.235 

0.231 

60 

No  movement:  Gal  ay 

0.700 

0.432 

0.237 

0.113 

21 

5. 

T-DM-S  =  a- (DG50)b 

2.00 

1.00 

42 

4.00 

(3.43) 

1.00 

0.684 

67 

1.51 

0.561 

0.244 

0.189 

67 

No  movement:  Cooper-Neill 

2.02 

0.769 

0.224 

0.301 

60 

No  movement:  Gal  ay 

1.51 

0.695 

0.228 

0.178 

21 

5. 

DM  =  aQbDG90c 

0.166 

0.400 

-0.120 

42 

0.266 

0.331 

-0.014 

0.096 

0.860 

67 

DM  =  aQbDG50c 

0.256 

0.331 

-0.025 

0.096 

0.860 

67 

VM  =  aQbDG90c 

3.34 

0.100 

0.120 

42 

1.67 

0.141 

0.080 

0.104 

0.490 

67 

VM  =  aQbDG50c 

1.87 

0.140 

0.095 

0.104 

0.490 

67 

S  =  aQbDG90c 

0.120 

-0.400 

0.920 

42 

0.055 

-0.332 

0.499 

0.303 

0.430 

67 

S  =  aQbDG50c 

0.096 

-0.334 

0.586 

0.302 

0.432 

67 

1.  See  text  for  further  explanation  and  qualification  of  equations  used  in  this  TABLE.  The 
total  sample  size  used  by  Kellerhals  was  42  of  which  18  were  from  10  different  natural 
channels.  Nineteen  cases  were  from  canal  data  and  five  cases  were  from  laboratory  data. 

2.  If  neither  the  coefficient  of  variation  (c.v.),  nor  the  coefficient  of  determination  (r2) 
are  filled  in,  the  values  of  the  coefficient,  and  the  exponent(s)  are  those  given  by 

Kel lerhals. 

3.  If  the  coefficient  of  variation  (c.v.)  Is  filled  in,  the  exponent(s)  was  fixed  as  that 
given  by  Kellerhals  and  the  coefficient  was  evaluated.  The  bracketed  value  under  "a"  in 
this  case  is  the  value  of  the  median  for  "a". 

4.  If  the  standard  error  (S.E.)  and  the  coefficient  of  determination  (r^)  are  filled  in,  the 
coefficient  and  the  expcnent(s)  were  evaluated  by  linear  regression  using  a  logarithmic 
transformation. 

5.  Not  significant  at  the  57.  level  using  the  F-ratio. 
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TABLE  L.24 

EVALUATION  OF  KELLERHALS  TYPE  EQUATIONS  FOR  GRAVEL  RIVERS 
SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC 
DISCHARGE  CORRESPONDING  TO  THE  ELEVATION  OF  THE  VALLEY  FLAT1 2 3 4 5 • 


Equation 

a 

b 

c 

c.v. 
for  a 

S.E. 

r? 

N 

Note 

WSM  =  a-Qb 

1.80 

0.500 

42 

2. 

2.32 

0.500 

0.250 

3. 

(2.17) 

2.78 

0.478 

0.114 

0.920 

41 

4. 

VM/(g  -DM-S)0-500 

6.50 

0.250 

42 

=  a-(DM/DG90)b 

5.39 

0.250 

0.305 

41 

(5.34) 

5.30 

0.239 

0.148 

0.297 

39 

VM/(g  -DM-S)0-500 

0.250 

=  a-(DM/DG50)b 

4.44 

0.250 

0.293 

39 

(4.45) 

4.00 

0.266 

0.142 

0.347 

39 

No  movement:  Cooper-Neill 

4.62 

0.192 

0.145 

0.172 

22 

5. 

No  movement:  Gal  ay 

16.5 

-0.347 

0.213 

0.282 

4 

5. 

T-OM-S  =  a-(DG90)b 

1.25 

0.800 

42 

2.11 

0.800 

0.499 

39 

(1-77) 

1.30 

0.458 

0.211 

0.183 

39 

No  movement:  Cooper-Neill 

1.31 

0.556 

0.224 

0.214 

22 

No  movement:  Gal  ay 

0.371 

-0.863 

0.301 

0.213 

4 

5. 

7- DM-S  =  a- (DG50)b 

2.00 

1.00 

42 

5.63 

1.00 

0.510 

39 

(5.00) 

1.99 

0.502 

0.214 

0.159 

39 

No  movement:  Cooper-Neill 

2.22 

0.635 

0.225 

0.205 

22 

No  movement:  Gal  ay 

0.049 

-1.77 

0.201 

0.649 

4 

5. 

DM  =  a-Qb-DG90c 

0.166 

0.400 

-0.120 

42 

0.198 

0.369 

-0.090 

0.130 

0.830 

39 

DM  =  a-Qb-DG50c 

0.183 

0.368 

-0.102 

0.129 

0.830 

39 

VM  «=  a-Qb-DG90c 

3.34 

0.100 

0.120 

42 

1.78 

0.156 

0.102 

0.111 

0.534 

39 

VM  =  a-Qb‘DG50c 

1.76 

0.156 

0.055 

0.113 

0.531 

39 

S  =  a-Qb-DG90c 

0.120 

-0.400 

0.920 

42 

0.100 

-0.364 

0.549 

0.284 

0.555 

39 

S  =  a-Qb-0G50c 

0.153 

-0.353 

0.612 

0.286 

0.540 

39 

1.  See  text  for  further  explanation  and  qualification  of  equations  used  in  this  TABLE.  The 
total  sample  size  used  by  Kellerhals  was  42  of  which  18  were  from  10  different  natural 
channels.  Nineteen  cases  were  from  canal  data  and  five  cases  were  from  laboratory  data. 

2.  If  neither  the  coefficient  of  variation  (c.v.),  nor  the  coefficient  of  determination  (r ) 
are  filled  in,  the  values  of  the  coefficient,  and  the  exponent(s)  are  those  given  by 
Kellerhals. 

3.  If  the  coefficient  of  variation  (c.v.)  is  filled  in,  the  exponent(s)  was  fixed  as  that 

given  by  Kellerhals  and  the  coefficient  was  evaluated.  The  bracketed  value  under  "a"  in 
this  case  is  the  value  of  the  median  for  "a".  2 

4.  If  the  standard  error  (S.E.)  and  the  coefficient  of  determination  (r)  are  filled  in.  the 
coefficient  and  the  exponent(s)  were  evaluated  by  linear  regression  using  a  logarithmic 
transformation. 

5.  Not  significant  at  the  5%  level  using  the  F-ratlo. 
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GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC  DISCHARGE  CORRESPONDING  TO  ELEVATION  OF  THE  VALLEY  FLAT 
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Lorrelation  coetticients  between  the  dependent  variable  and  the  individual  independent  van 
based  on  the  sample  size  of  67  were: 

r(AM-S)  =  -0.682;  r(AM-DG90)  =  -0.030;  r (AM-DG50)  =  -0.022 
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The  sample  size  for  the  first  two  equations  was  41  and  the  sample  size  for  the  other  equations 
was  39. 

Correlation  coefficients  between  the  dependent  variable  and  the  individual  independent  variables 
based  on  the  sample  size  of  39  were: 

r(AM-S)  =  -0.738;  r(AM-DG90)  =  -0.089;  r(AM-DG50)  =  -0.147 
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The  sample  size  for  the  first  two  equations  was  41  and  the  sample  size  for  the  other  equations 
was  39. 

Correlation  coefficients  between  the  dependent  variables  and  the  individual  independent  variables 
based  on  the  sample  size  of  39  were: 

r(DM-S)  =  -0.834;  r (DM-DG90)  =  -0.114;  r(DM-DG50)  =  -0.181 


RELATIONS  BETWEEN  FORM  FACTOR  AND  DISCHARGE,  BED  MATERIAL  SIZE  AND  SLOPE  FOR  GRAVEL  RIVERS  SATISFYING 
THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC  DISCHARGE  CORRESPONDING  TO  THE  2  YEAR  FLOOD 
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Correlation  coefficients  between  the  dependent  variable  and  the  individual  independent  variables 
based  on  the  sample  size  of  67  were: 

r(FF-S)  =  -0.209;  r(FF-DG90)  =  -0.061;  r(FF-DG50)  =  -0.039 
Not  significant  at  the  5%  level. 
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The  sample  size  for  the  first,  second  and  seventh  equations  was  70,  the  sample  size  for  the  other 
equations  was  67. 

Correlation  coefficients  between  the  dependent  variable  and  the  individual  independent  variables 
for  equations  based  on  the  sample  size  of  67  were: 

r(VM-S)  =  0.013;  r(VM-DG90)=  0.124;  r(VM-DG50)  =  0.133 
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Correlation  coefficients  for  relations  between  S  and  individual  independent  variables  are: 

r(S-Q)  =  -0.498  r(S/SC0R-Q)  =  -0.446 
r (S-DG90)  =  -0.483  r(S/SC0R-DG50)  =  0.418 
r(S-DG50)  =  -0.478  r (S/SCOR-WSM)  =  -0.468 
r(S-WSM)  =  -0.514 
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The  third  equation  is  the  form  of  the  King  equation. 


COMPARISON  OF  VARIOUS  DIMENSIONLESS  RELATIONS  INVOLVING  THE  PARAMETER  VMV(g-DM-S) 

FOR  GRAVEL  RIVERS  SATISFYING  THE  GRAVEL-1  SCREENING  AND  FOR  A  CHARACTERISTIC  DISCHARGE 
CORRESPONDING  TO  THE  ELEVATION  OF  THE  VALLEY  FLAT 
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The  third  equation  is  the  form  of  the  King  equation. 
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TABLE  L . 58 

COEFFICIENTS  OF  DETERMINATION  AND  STANDARD  ERRORS  OF  ESTIMATE 
FOR  BASIC  EQUATIONS  USED  FOR  DEVELOPMENT  OF  REGIME  EQUATIONS 
FOR  GRAVEL  RIVERS 


Type 

Basic  Equations 

2 

r 

S.E. 

N 

Best  Fit 

WSM  =  2.O8-QO,520-DG5O'°‘070 

0.963 

0.075 

67 

DM  =  0.266-Q0'333 

0.871 

0.094 

70 

VM  =  1.58-Q0'140 

0.499 

0.102 

70 

S  =  0.0965-Q'°'334-DG500,586 

0.432 

0.302 

67 

Lacey 

WSM  =  2.38-Q0-527 

0.962 

0.076 

70 

VK  ■  12.6-DM0-608S0-288 

0.495 

0.104 

70 

VM  =  4.25-DM°-255DG50°- 103 

0.212 

0.129 

67 

Blench 

VM2/DM  =  21 .6- (DM/DG50)-0*4 ' 8 

0.251 

0.240 

60 

VM3/WSM  =  0.594  (median);  Mean  =  0.930;cy.  =  0.811. 
for  All  Gravel-1  Reaches 

70 

VM3/WSM  =  0.399  (median);  Mean  =  0.572;  cv.  =  0.801 
for  reaches  with  silt  banks 

19 

VM3/WSM  =  0.778  (median);  Mean  =  1.10;  c.v.  =  0.737 

for  reaches  with  gravel  or  cobble  banks 

44 

VM2/(g-DM-S)  =  0.0398- (VM-WSM/V)0*430 

0.515 

0.208 

70 

Type 

Basic  Equations 

r2 

S.E. 

N 

Modi  fled 

VM2/DM  =  21.6- (DM/DG50)"0' 4 1 8 

0.251 

0.240 

60 

Blench 

VM3/WSM  =  0.066- (VM2/DM) 1,25 

0.858 

0.137 

44 

VM2/(g-DM-S)  =  0.0398- (VM-WSM/  )0-430 

0.515 

0.208 

70 

Kel lerhals 

WSM  =  2.38-Q0-527 

0.962 

0.076 

70 

Y  -DM-S  =  2.02-DG500-769 

0.301 

0.224 

60 

VM/(g-DM-S)0,500  =  3.84' (DM/DG50)0-281 

0.376 

0.116 

67 

Dimensionless 

WSM-g°'20/Q0-40  =  4.73- ( DG50  *  g  0 " 20/Q° ‘ 40)_0* 241 

0.484 

0.085 

67 

S  =  0.0449- (DM/DG50)'0'945 

0.582 

0.257 

67 

VM2/(g-DM)  =  2.49-S0'469 

0.447 

0.210 

70 

NOTES: 

1.  All  data  for  reaches  satisfying  the  Gravel-1  screening  and  for  a  characteristic  discharge 
corresponding  to  the  2  year  flood. 

2.  Equations  based  on  a  sample  size  of  60  had  reaches  with  highly  mobile  beds  rejected  using  the 
Cooper-Nelll  criterion. 


RATIOS  OF  MEAN  WIDTH  AND  MEAN  DEPTH  AS  ESTIMATED  FROM  VARIOUS  REGIME  EQUATIONS 
TO  THOSE  ESTIMATED  FROM  THE  BEST  FIT  RELATIONS  USING  THE  GRAVEL-1  REACHES  AND 
THE  2  YEAR  FLOOD. 
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Equations  used  for  computing  values  in  this  table  are  qiven  in  Table  5.5. 

All  tabulated  values  below  the  best  fit  value  are  ratio  of  indicated  relations 
to  best  fit. 
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RATIOS  OF  MEAN  VELOCITY  AND  SLOPE  AS  ESTIMATED  FROM  VARIOUS  REGIME  EQUATIONS 
TO  THOSE  ESTIMATED  FROM  THE  BEST  FIT  RELATIONS  USING  GRAVEL-1  REACHES  AND 
THE  2  YEAR  FLOOD. 
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